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CARBOHYDRATE OXIDASE AMD USE THEREOF IN BAKING 

FIELD OF INVENTION 

The present invention relates to the use so baking of a carbohydrate oxidase 
and to a novel carbohydrate oxidase. 

DESCRIPTION OF THE RELATED ART 

In the bread-making process it is known to add bread-improving and/or 
dough-improving additives to the bread dough, the action of which, inter alia, results in 
improved texture, volume, flavor and freshness of the bread as well as improved ma~ 
chinabillty and stability of the dough. 

Dough "conditioners" to strengthen the gluten and improve the rheoioglcai 
and handling properties of the dough are well known in the industry and have long 
been used. Nonspecific oxidants, such as sedates, peroxides, ascorbic acid, potas- 
sium bromaie and azodicarbonarnide have a gluten strengthening effect. It has been 
suggested that these conditioners Induce the formation of interproteln bonds which 
strengthen the gluten, and thereby the dough. 

It is also known to use glucose oxidase to strengthen the gluten and improve 
the rheoiogsoal and handling properties of the dough. Thus, US 2,783,1 SO discloses 
the use of glucose oxidase in flour to improve dough strength, and texture and ap- 
pearance of baked bread. EP 321 811 and EP 338 452 disclose the use in baking of 
glucose oxidase in combination with other enzymes (sulfhydryl oxidase, hemiceilu- 
lase, celiuiase). However, the effectiveness of glucose oxidase as a dough and/or 
bread improving additive is limited due to the generally low glucose content in cereal 
flours used in the preparation of baked products. 

Thus there has been interest in Identifying oxidoreduetases which act on sub- 
strates other than glucose. WO 96/39851 discloses the use of a hexose oxidase 
which Is capable of oxidizing D-giucoae and several other reducing sugars including 
maltose, lactose, galactose, xylose, arabinose and cellobiose to their respective lac- 
tones with a subsequent hydrolysis to the respective aldobionic acids. WO 97/22257 
discloses the use of a pyrano&e oxidase in baking. The enzyme catalyses the oxida - 
tion of several monosaccharides at position 02 with the concomitant release of hydro- 
gen peroxide. Although glucose in Its pyranose form tends to be the preferred sub- 
strate, the enzyme is capable of oxidising other substrates, e.g.. furanoses, such as 
xylose. 

Although enzymes that catalyze the oxidation of glucose and other sugars di- 
rectly to the corresponding aidcmc acids appear to be widely distributed in nature, 
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most of the known sugar oxidases are specific to monosaccharides. An oligosaccha- 
ride oxidase ; isolated and purified from wheat bar cuitu c of a s< 
nium striatum strain Tl has been described by Lin, et al. (1991 Biochim. Biophys 
Acta 1118:41-47), The enzyme has the capability ol oxidszmg ohqosaceha >cw wrm a 
5 glucose residue on the reducing end. The enzyme demonstrated reactivity toward 
maltose, lactose, celiobioss and maltooiigosaccharkles composed of up to seven glu- 
cose units, JP-A 5-84074 discloses use of the enzyme as an analytical reagent. 

SUMMARY OF THE INVENTION 

The inventors have found that the properties of dough or bread can be inv 

10 proved by the addition of a carbohydrate oxidase which can oxidize the reducing end 
of an oligosaccharide more efficiently than the corresponding monosaccharide, e.g.. 
preferentially oxidizing maitodexfrins or eeilodexirins over glucose. This can lead to 
improved firmness, stickiness, stability and robustness of the dough, if can aiso in- 
crease the tolerance of the dough towards increased mixing time, fermentation time 

is and wafer content. 

The inventors have also found a novel carbohydrate oxidase with the capabil- 
ity to oxidize maftoctextrins and ceilodextrins more efficiently than glucose. The novel 
oxidase may be obtained form MktodocMum, particularly M rwa/e. The inventors 
have isolated and deposited such a strain as M mrafe CBS 100238. The amino acid 

20 sequence of the novel carbohydrate oxidase has very low homology (<20 % identity) 
with known amino acid sequences. 

Accordingly, the invention provides a process for preparing a dough and/or a 
baked product made from a dough comprising adding to the dough a carbohydrate 
oxidase which has a higher activity on an oligosaccharide having a degree of polym- 

25 erization of 2 or higher as a substrate than on the corresponding monosaccharide. 
The Invention aiso provides a bread-improving additive comprising the carbohydrate 
oxidase. The bread-improving additive may comprise a second enzyme (amylase, 
celluiase, hemiceiiulase, lipase or phosphatase), and it may be in agglomerated 
, & to anui ;d f 

30 The immm further provides a novel carbohydrate oxidase. The carbohy- 

drate oxidase may be a polypeptide produced by Mcmtiocbmm nivtie CBS 100236 or 
having an amino acid sequence as shown m SEQ ID NO: 2, or it may be an analogue 
thereof, The carbohydrate oxidase may also be derivable from a strain of Microtia- 
chtum ano have an oxidizing activity on maltotetraese which is at leas! twice as much 

as as the oxidizing activity on glucose at a substrate concentration of 0.83 mM, 

The invention aiso provides a method of producing said carbohydrate oxidase 
by cultivation of Microdochium, The invention further provides a nucleic a;d construct 
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comprising a nucleic acid sequence encoding the carbohyd u< ■«=■ ase of the inven- 
tion, recombinant expression vectors and recombinant host ceils which are advanta- 
geously used in the recombinant production of the carbohydrate oxidase of the pres- 
ent invention. In yet a further aspect, the present Invention provides recombinant 
5 methods for producing a carbohydrate oxidase of the invention comprising cultivating 
a host cell under conditions conducive to the production of the carbohydrate oxidase 
and recovering the carbohydrate oxidase from the cells and/or culture medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1-3 illustrate piasmtds pBANelS, pEJG33 and pEJG35. respectively. 
10 Details are given in the Examples. 

DETAILED DESCRIPTION OF THE INVENTION 

Use of Carbohydrate Oxidase in Baking 

The present invention provides the addition to dough of a carbohydrate oxi- 
dase which has a higher activity on an oligosaccharide having a degree of polymer! - 

15 zation of 2 or higher as a substrate than on the corresponding monosaccharide. The 
carbohydrate oxidase may be added in the form of a dough and/or bread-improving 
additive as described below. 

The carbohydrate oxidase is generally added in amount which is effective for 
providing a measurable effect on at least one property of interest of the dough and/or 

20 baked product. The bread-improving and/or dough improving additive is generally in* 
eluded In the dough in an amount corresponding to 0,01-5%, in particular 0.1 -3%. The 
enzyme is typically added in an amount corresponding to 0.01-100 mg enzyme pro- 
tein per kg of flour, preferably 0.1-25 mg per kg; more preferably 0,1-10 mg per kg, 
and most preferably 0.5-5 mg per kg. 

2S The level of oligosaccharides in dough can be increased by the addition of an 

amylase which hydrolyzes starch to form oligosaccharides as a main product, e.g., a 
Bacillus aieamthefmophiius maitogenic alpha-amyiase (commercially available as No- 
vamyfo, an Aspergillus oryzae alpha-amytase (commercially available as Fun- 
gamy! 1 *') or a beta-amyiase. 

30 The use of an oligosaccharide oxidase may result in an increased volume and 

an improved crumb structure and softness of the baked product, as well as an In- 
creased strength, stability and reduced stickiness of the dough , thus resulting in im- 
sffs * (V V3, cc n addition to sr as sec sequence a ! 

d below ihc te f v he do ts 

36 particularly advantageous when a poor qualify flour is used. The improved ma- 
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chinabiiity is of particular imports nee In connection with dough which is to be proc- 
essed industn&lly. 

Dough \ Hmp< lough 

and isno a or both large sea s and sm A. stab! r st 

5 dough is capable of a greater tolerance of mixing time, proofing time and of mechani- 
cal vibrations hunng dough transport, whereas a weak, or less stable, dough is less 
tolerant to these treatments. Whereas Hour with a high gluten content and a good 
gluten quality contribute to a strong dough, flour containing a low protein content or 
with poor gluten quality results in a weak dough. Thus, a strong dough which has su- 

10 perior theological and handling properties results from flour containing a strong gluten 
network. 

The oligosaccharide oxidase may be added to any mixture of dough sub- 
stances, to the dough, or to any of the substances to he included in the dough; that is, 
the oligosaccharide oxidase may be added in any step of the dough preparation and 
15 may be added in one. two or more steps, where appropriate and avoiding exposure of 
the enzyme to strong chemicals or conditions where it could become inactivated. 

Substrate specificity 

The carbohydrate oxidase preferably has a higher activity on a roaftooiigosac- 
charide having a degree of polymerization of 2-6 (particularly maltose, mattotriose or 

20 maitotetraose) than on glucose at a substrate concentration of 10 rttM or less The 
comparison may be made at a substrate concentration of 1 mi or less,, and the activ- 
ity on maitotetraose is preferably more than twice of the activity on glucose. The car- 
bohydrate oxidase may have an oxidizing activity on maltodexthns or eeiiodextrlns 
maitotetraose which is at least two times the oxidizing activity on glucose at a sub- 

25 .strata concentration of 0.83 mU. 

Such substrate concentrations are representative of the concentration in typi- 
cal doughs prepared according to usual baking practice. Thus, for example, in an ex- 
tract made from a dough the concentration of maltose was found to be 4.1 mfvl, which 
corresponds to 41 mmoies/kg dough obtained from a 1:10 extraction for 1 hour at 

30 4CTC as described by Pouisen, C, et al (1996. Cereal Cham.., 76; 51-57). If was fun 
i i of »1 actab 2 r altose co i be higi f suffi sn en- 
dogenous amylolyfie activity (e.g., beta-amylase) was present in the flour, or exoge- 
k s an s<! > v our Pour, as is often the practice, 

h ose ?sent in dough at a level of 1.4% 

35 (w/w) Thus, the amount of avaiiabi* >> « rate e.g . maltose, can differ depending on 
flour ty • uafity, recipe, mixing and fermentation process, as well as on the 
presence of other additives. 
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At pH 8 and SO roM. a preferred carbohydrate oxidase from M. nivale has the 
following preference (descending order): celfofeiose > maltose > glucose > xylose > 
lactose. Based on Michael Ve~V h wc« ♦ aprrsi* aoes*a - 
substrates are: 89 mU (ceiiohiose), 11 rnM (maltose), 42 mM (glucose): is similar 
for glucose and maltose. Thus, the oxidase shows preference for maltose over glu- 
cose, particularly at low subslra » * aiions (below 10 mMj, 

A preferred carbohydrate oxidase from M nivaie is capable of oxidizing oligo- 
saccharides having a degree of polymerization (DP) of DP2 -DPS, at a substrate con- 
centration of 0.83 mfvt at a higher rate than the corresponding monosaccharide. Thus, 
the enzyme can hydrolyze both maltodextrins and cellodextrins wherein the monosac- 
charide units are linked by aipha-1,4 or beta-1,4 gfuoosidio bonds, respectively, at a 
higher rate than glucose. The carbohydrate oxidase can hydrolyze ail cellodextrins 
having DP2-DP5 equally well and at a level around 10-fold higher than the monosac- 
charide glucose. With maltodextrins as the substrate, the activity of the carbohydrate 
oxidase ranged from 1%-fold higher for maliohexaose to almost 5-fold higher for mal- 
tha carbohydrate oxidase is preferably active and stable at a pH in the range 
of 5-7, e.g. having more than 40% activity In this range, and most preferably having 

age A preferred \ 
optimum activity around pH 6 and shows an activity which is at least 80 % (relative to 
the maximum activity) in the pH range 5-7. At 40*C, it is stable in the pH range 4-9. 
but unstable at pH 3. 

The carbohydrate oxidase is preferably active and stable at 20-4S«C. e.g. 
having more than 50 % activity in this range, and most preferably having optimum ac- 
tivity in this range. A preferred carbohydrate oxidase from M. nival® has optimum ac- 
tivity around 40*C and exhibits at least 78% activity (relative to maximum activity) in 
the range 30~8Q*C, At pH 6, it is stable up to 80*C, but inactivated at 70°C. it has a 
denaturatfon temperature of 73*€. 

The carbohydrate oxidase is able to oxidize reducing oligosaccharides with a 
glucose residue on the reducing end. It oxidizes the glucose residue at the 1 -position 
to form the corresponding acid, f hus, it oxidizes maltose to form maltohiome acsd and 
lactose to to i mo acid 

The carbohydrate oxidase activity may be isolated, eg essentially free of 
other non-carbohydrate oxidase polypeptides, for example, more than about 80% 
pure, and more preferably more than about 90% pure on a protein basis as deter- 
mined by SOS- PAGE 
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A preferred carbohydrate oxidase from M. nsmi& has a molecular weight of 
approximately 52 kDa as determined by SOS-PAGE and an isoelectric point of ap- 
p-ox r (ate / 8,9, it sh ivsty wit acceptors 

such as potassium ferricyanide, methylene bloa, benzoquinone and 2>6» 
dichiorophenoPindophenol (DCPIP). 



Sources of Carbohydrate Oxidase 

The oligosaccharide oxidase may be obtained from a microbial source, such 
as a fungus, e.g., a filamentous fungus or a yeast, in particular an Ascomycota fun- 
gus, e.g. Euascornycetes, especially Pyrenomycetes, 

The carbohydrate oxidase may he derived, e.g., from a roitospcrlc Pyrenomy- 
eetes such as Acremanium, in particular, ,4. striatum, such as ATCC 34717 or T1; A. 
fusxiiokfes, such as IFO 8813; or A, potmnih such as IFO 31197. In a preferred em- 
bodiment, the oligosaccharide oxidase Is obtained from the source disclosed by Lin, 
at al. (1991, Biochim. Biophys, Acta 111.8c41.-47) and in JP-A 5-84074, 

The carbohydrate oxidase may further be obtained from microorganisms of 
Xyianales; especially mitosporie Xylariaies such as the genus Mhmdochium. parheo- 
iarly the species M. r«Va/e, Such strains are readily accessible to the public in culture 
collections, such as the American Type Culture Collection (ATCC), Deutsche 
Sammlung von Mikroorganismen und Zeilkufturen GmbH (DSM) and Centraalbureau 
Voor Schimmeloutiures (CBS), 

The genus Microdoahium is described in Microdochium Syd (Samuels and 
Hallett, 1983, T8MS 81:473). Some strains of Microdochium have been described un- 
der the synonyms Geriachia, G, nivalis, G. oryz&e, Fusanum n/Va/e or Rynchosporium 
aryza&. They are further described by yonographeila (Hyponectr) fide (MOfier, 1977, 
Rev. mycol. 41:1:29). 

A preferred strain is M. nivaie, NN008551. This was isolated from natural 
sources taken in India and deposited according to the Budapest Treaty on the Inter- 
nationa) Recognition of the Deposits of Microorganisms for the Purpose of Patent 
Procedures on 4 December 1997 at the Centraalbureau voor Schimmeicultures under 
Accession No, CBS 100238, 

The inventors have isolated the gene encoding the carbohydrate oxidase Pom 
M tiiva t - 238 and inserted it into £ coii. The £ soli strain harbo; 
was deposited according to the Budapest Treaty on the international Recognition of 
the Dei - Ilcrooipanisms for &e Purpose of Patent Procedures on June 12, 

1998 at the Agricultural Research Service Collection (NRRL). 1815 North University 
Street, Peoria, IL, and designated NRRL B-30034. 
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Additional anzynia 

The carbohydrate oxidase may be added to the dough as the only enzyme, or 
it may be used in combination with one or more additional enzymes The additional 
s man be - v< asr a a describe a mc a y NN 
5 eras* $ pef on 5 - tu - ca r. * - - 3 iransgiuiaminas a Npas a 

phosphatase, a celluiase a herrttceiiutese. in particular a pentosanasa such as xyla- 
nase, a protease, a protein disulfide isomerase, e.g., a protein disulfide isomerase as 
disclosed in WO 95/00836, a giycosyfiransferase, and an oxidoreduedsse, e.g., a 
per ixida 1 >x i s * 3 ^ t se< an L~ 

10 an * ? ' * ■ > - v 3 > s . ; like. 

The additional enzyme may be of any origin, including mammalian and plant, 
and preferably of microbial , 
techniques conventionally used in the art. 

The amylase may be derived from a bacterium or a fungus* In particular from 
15 a strain of Aspergillus, preferably a strain of A niger or A. oryzm, or from a strain of 
Bmiiim. Some examples are aipha-amylase, e.g. from Bacillus amyiollquefaciens, 
and amyloglucosidase, e.g. from A. niger. Commercial products Include BAN and 
AMG (products of Novo Nordisk A/S, Denmark}, Gnndamyi A 1000 or A 5000 
(available from Grindsted Products, Denmark) and Amylase H and Amylase P 
2.0 (products of Gist-Brocades, The Netherlands). 

The protease may be Neutrase (available from Novo Nordisk A/S, Denmark). 
The lipase may be derived from a strain of Thennomyces '(Humkx^s), Rhl- 
zomoeor. Candida, Aspergillus, Rhtzopm, or Pseudommas, in particular from T 
lanuginosa {H. lanuginosa, EP 305,216), Rhlzomucor ml&hai (EP 238,023). C. aoh 
25 amtioa (e.g. Lipase A or Lipase B described in WO 88/02775), A. niger, Rhkopus 
d&lmmrm Rhizopus arrhlzm or P. cepacia (EP 214,761 and WO 88/01032). 



Dough 

The dough is generally a flour dough composing wheat meal or wheat flour 
30 and/or other types of meal, flour or starch such as com flour, corn starch, rye meal, 
rye flour, oat flour, oat meal, soy flour, sorghum meal sorghum flour, rice starch, rice 
flour, potato meal, potato flour or potato starch. 

The dough may be fresh, frozen or par-baked. 

The dough is normally a leavened dough or a dough to be subjected to Seav- 
35 ening. The dough may he leavened m various ways, such as by adding chemical 
ieavening agents, e g , sodium bicarbonate or by adding a leaven (fermenting dough), 
but it is preferred to leaven the dough by adding a suitable yeast culture, such as a 
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•culture of Saccharomyces mmvisiae (baker's yeast), e.g. a commercially available 
strain of S cerev/s/ae. 

The bough may also comprise other conventional dough ingredients, e.g.: 
protesns, such as milk or milk powder, gluten, and soy: eggs (either whole eggs, egg 
yolks or egg whites); shortening eueh as granulated fat or oil; an oxidant such as 
ascorbic acid, potassium bromate, potassium iodate, azodlcarbonamide {ADA} or 
ammonium persutfate; a reducing agent such as L-cystslne; a sugar; a salt such as 
sodium chloride, calaurn acetate, sodium sulfate or calcium sulfate. The dough may 
further comprise an emulslfier such as mono- or digiycendes, diacetyi tartaric acid 
esters of mono- or diglycerides, sugar esters of fatty acids, polygiycerol esters of fatty 
acids, lactic acid esters of monoglyeehdes, acetic acid esters of monoglyeehdes, 
polyoxyefhytene stearales, phospholipids, lecithin and lysofecithin.. 

The dough may foe a pasta dough, preferably prepared from durum Hour or a 
flour of comparable quality. When used in the preparation of pasta and noodles, the 
carbohydrate oxidase may result in a strengthening of the gluten structure and 
thereby providing a reduction in stickiness of the dough, an increase in dough 
strength and a dough product with an improved texture. 



£3ake<j : product 

The process of the invention may be used for any kind of baked product pre- 
pared from dough, either of a soft or a crisp character, either of a white, light or dark 
type. Examples are bread (in particular while, whole-meal or rye bread), typically in 
the form of loaves or rolls, French baguette-type bread, pita bread, tortillas, cakes, 
pancakes, biscuits, cookies, muffins, pie crusts, crisp bread, steamed bread, pizza 
and the like. 

Pre-miK 

The present invention further relates to a pre-mix, e.g., in the form of a flour 
composition, of dough and/or baked products made from dough, in which the pro-mix 
comprises the carbohydrate oxidase and optionally other enzymes as spc c 
above, The pre-mix may be prepared by mixing enzyme the relevant enzyme(s) with a 
suitable carrier, stich as flour, starch, a sugar or a salt, The pre-mix may contain other 
noun h < a , ^ i ! 

enzymes, mentioned above. 

Dough and/or for@ad»lmpro¥irsg additive 

Tse - may be p ide sad gh and/or bread in 

ing additive in the form of a granulate or agglomerated powder. The dough and/or 
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bread ir j has a arrow part e s Dution v ih more 

he range from 25 to SOU um. 
Granulates and sg -a ers may \ - spared b> xmve fiona 

methods, e.g. by spraying the amylase onto a carrier in a fluid I uiato The 

carrier may consist of particulate cores having a suitable particle size. The. carrier may 
be soluble or Insoluble, e.g. a sail (such as NaCi or sodium sulfate), a sugar (such as 
sucrose or lactose), a sugar alcohol (such as sorbitol), starch, ace, corn grits, or soy. 

Ammo Acid Sequences 

The carbohydrate oxidase may be a polypeptide which is produced by Micro- 
dochium n/Vale CBS 100236, has an amino acid sequence as shown in SEQ ID NO: 
2, or is encoded by a gene present in £ coli NRRL 8-30034; or it may be an analogue 
thereof. The analogue may have at least 50 % identity, cross-react immunologically, 
be an allelic variant or a fragment having oxidase activity The carbohydrate oxidase 
may further be a polypeptide encoded by a nucleic acid sequence which hybridizes 
under low stringency conditions with the nucleic acid sequence of SEQ ID NO:1, its 
complementary strand, or a subsequence thereof of at least 100 nucleotides. 

The amino add sequence shown In SEQ ID NO: 2 has less than 20 % identity 
to known sequences, it is 13.8% identical to the amino acid sequence of a reticulirw 
oxidase precursor from California poppy (GenPept Accession No. 2897944) and 
IT.8% identical to the amino acid sequence of a 8-hydroxy-D-nlcotsne oxidase from 
Arihrabacteroxidam (GenPept Accession No.122805). 

Ah amino acid sequence of a polypeptide may be determined using standard 
methods for obtaining and sequencing peptides, for example as described by Findiay 
and Gelsow, Eds., Protein Sequencing ~ a Practical Approach, 19S9 ; IR.L Press. A 
comparison with prior art amino acid sequences has shown that SEQ ID NO; 2 has 
only little homology (< 20 %) to any prior art amino acid sequence. 

The polypeptide may be a variant having an amino acid sequence which dif- 
fers by no more than three amino acids, preferably by no more than two amino acids, 
and more preferably by no more than one amino acid. 

The carbohydrate oxidase may comprise at least one par no which 

Is the N-terminaf amino acid sequence shown at positions 1-24 of SEQ ID NO: 2 or 
the Internal sequences shown at positions 229-288, 249-271, 303-322, 336-347, 383- 
404, 405-414 and 420-440 of SEQ ID NO: 2. Alternatively, the carbohydrate o< . 
may tee at least 52' : \ mih at least one of said partial sequences, preferably at 
least 60%, more preferably at least 70%, even more preferably at least 80%, even 
more preferably at least 90%, and most preferably at least 97%, which qualitatively 
retain the activity of the carb N referred to as i on o 
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carbohydrate oxidase") and allelic forms and fragments thereof, wherein the frag- 
i - r - s a 'tivrty 

In a preferred embodiment, the homologous carbohydrate oxidase comprises 
an amino acid sequence which differs by five amino acids, preferably by four amino 
acids, more preferably by three amino acids, even more preferably by two amino ac- 
ids, and most preferably by one amino acid from at least one of said partial amino acid 
sequences. The carbohydrate oxidase may comprise an allelic form or fragment 
thereof, wherein the fragment retains carbohydrate oxidase activity. 

The amino acid sequence of the homologous carbohydrate oxidase may differ 
from any of the partial amino aori sequences by an insertion or deletion of one or 
more amine acid residues and/or the substitution of one or more amino acid residues 
by different amino acid residues. The amino acid changes are preferably of a minor 
nature, that is, conservative amino acid substitutions that do not significantly affect the 
tertiary structure and/or activity of the carbohydrate oxidase. Minor amino acid 
changes may also include small deletions, typically of one to about 30 amino acids; 
small amino- or oarboxyi-terminai extensions, such as an aminoderrninai methionine 
residue; a small linker peptide of up to about 20-25 residues; or a small extension that 
n dv changing net charge or another function, such as a poly- 
iist tract, an a ie epitope or a binding domain. 

Examples of conservative substitutions are within the group of basic amino 
acids (such as arginine, lysine and histidine), acidic amino acids (such as glutamic 
acid and aspartic acid), polar amino acids (such as glutamics and asparagioe), hy- 
drophobic amino acids (such as leucine, isoieueine and valine), aromatic amine acids 
(such as phenylalanine, tryptophan and tyrosine) and small amino acids (such as gly- 
cine, alanine, serine, and threonine). Amino acid substitutions which do not generally 
alter the specific activity are known ?n the art and are described, e.g., by H. Neurath 
and R.L. Hill, 1979, in The Proteins, Academic Press, New York. The most commonly 
occurring exchanges are; Ala/Ser, Vaf/Sie, Asp/Giu, Thr/Sar, Aia/Gly, Ala/Thr, Ser/Asn, 
Ala/Val, Ser/Giy, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, Leu/ile, LeuAfel Ala/Gfy, 
Asp/Gly as well as these in reverse. 

Nucleic Acid Sequences 

The invention provides a nucleic acid sequence comprising a nucleic acid se- 
quence which encodes the carbohydrate oxidase. The carbohydrate oxidase- 
encoding nucleic acid sequence may comprise; 

a; the earbom * ass encodrg part of the DNA sequence cloned into a 

m>na col! NRRL 8~u0T34 of 

b) the DNA sequence shown in positions 87-1550 of SEQ ID NO; 1 , or 

c) an analogue of the DNA sequence defined In a) or b) which 
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i) has at least 50% identity with said DMA sequence, or 
io hybridizes at low stringency with sab ONA sequence, Its comple- 
r »nta j s 1 a n c c a *l * le eof 

The degree of identity may he at least 60%, preferably about 70%, preferably 
about 80%. more preferably about 90%, even more preferabiy about 95%, and most 
preferably about 97%, 

An allelic vsnam denotes any of two or more alternative forms of a gene oc- 
cupying the same chromosomal locus. Allelic variation arises naturally through muta- 
tion, and may result in polymorphism within populations. Gene mutations can be silent 
(no change in the encoded polypeptide) or may encode polypeptides having altered 
amino acid sequences. An allelic variant of a polypeptide is a polypeptide encoded by 
an allelic variant of a gene. 

Hybridization indicates that the analogous nucleic acid sequence hybridizes to 
the ohgonucieotie*.- : hi ; - o med;u ; smngenc^ editions for exam- 
ple, prehybridization and hybridization at 42*C in 5X SSPE, 0,3% SDS, 200 mo/mi 
sheared and denatured salmon sperm DMA, and either 50, 35 or 2.5% formamide for 
high, medium and low stringencies, respectively), following standard Southern blotting 
procedures, in a preferred embodiment, the nucleic acid sequences are capable of 
hybridizing under high stringency conditions with pie carbohydrate oxidase encoding 
region of at the nucleic acid sequence for the carbohydrate oxidase of the present in- 
vention harbored in CSS 100238, its complementary strand, or a subsequence 
thereof. 

The DNA sequence encoding a carbohydrate oxidase may be isolated from 
any ceil or microorgan sro pmiw i fi - s > i /dual « da n quests sir </ari 
ous methods well known in the art to relocate the nucleic acid sequence from its natu- 
ral location to a different site where it will be reproduced, 

The carbohydrate oxidase encoding region of the nucleic acid sequence har- 
bored in CBS 100238, or subsequences thereof, may be used to design an oligonu- 
cleotide probe to isolate homologous genes encoding carbohydrate oxidases from 
other strains of different genera or species according to methods well known in the 
art. Thus, a genomic or cDNA library prepared from such other organisms may be 
screened for ONA which hybridizes with such probes following standard Southern 
ng procedures, in order to identify and isolate the corresponding gene therein 
Such probes can be considerably shorter than the entire sequence, but should be at 
least 1c preferably at least 25 and more preferably at least 40 nucleotides in length 
Longer probes, preferably no more than 120Q nucleotides in length, can also be used. 
Both DMA and RNA probes can be used. The probes are typically labeled for detect- 
ing the corresponding gene {for example, with 32P, 3K biohn, or avidsnh According to 



WO 



12 



the present invention, preferred probes may be constructed on the basis of SEG ID 
NO: 1. 

Genomic or other DNA from such other organisms may be separated by aga- 
rose or pofyacrylamide gel electrophoresis, or other separation techniques known in 

5 the art, DNA from the libraries or the separated DNA may be transferred to and im- 
mobilized on nitrocellulose or other suitable carrier material. In order to identify clones 
or DNA which are homologous with the nucleic acid sequence for the carbohydrate 
oxidase of the present invention harbored in CBS 100238, the carrier material is used 
in a Southern blot in which the carrier material is finally washed three times tor 30 

10 minutes each using 2X SSC, 0.2% SOS at preferably not higher than 40*C, more 
preferably not higher than 45°C, more preferably not higher than 50' : 'C, more prefera- 
bly not higher than 55 a C, even more preferably not higher than 80*0, especially not 
higher than 85*0. Molecules to which the oligonucleotide probe hybridizes under 
these conditions are detected using X-ray film, 

IS The ib<N \ 1 i < i 3 i - ! ; res n tscn •« Iwh su a 

hie of hybridizing with an oligonucleotide probe which hybridizes with the nucleic add 
sequence for the carbohydrate oxidase of the present invention harbored in CBS 
100236, its complementary strand, or a subsequence thereof, may be obtained from 
microorganisms of any genus, for example * i a ial or fungal source, 

20 The carbohydrate oxidase may he obtained from (or endogenous to) a given 

microbial source. Thus, the carbohydrate oxidase may he produced by the source or- 
ganism or by a cell in which a gene from the source has been Inserted, 

Furthermore, homologous genes may be identified and obtained bom other 
sources including microorganisms isolated from nature (e.g., soil composts, wafer, 

25 etc.) using the above-mentioned probes. Techniques for Isolating microorganisms 
from natural habitats are well known in the art. The nucleic acid sequence may then 
be derived by similarly screening a genomic or cDNA library of another microorgan- 
ism. 

Once a nucleic acid sequence has been detected with the probe(s) described 
30 above, the sequence may be isolated or cloned by utilizing techniques which are well 
known to those of ordinary skill In the art (see, e.g., Samhrook ef at, 1989, supra). 
The known techniques used to isolate or clone a nucleic acid sequence include isola- 
tion from genomic DMA, preparation from CDMA, or a combination thereof. 'T he clon- 
ing ,'sf it ~ v i „ nuances of the present invention from such gen m c* 
36 can he effected, e.g., by using the well known polymerase chain reaction (PGR) using 
specific primers, for instance as described in US 4,683 202 or RK. Saiki et at. (1988, 
Science 239.487-481). Also see, for example, innss, et at, 1990, PGR Protocols: A 
Guide to Method * I Apr. stson, Academic Press, New York. The nucleic acid se- 
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quence may be cloned from an ore $@> or an 

other or related organism and thus, for example, may be an allelic or species variant 
of the carbohydrate xisng N > of the nucleic acid sequence. 

Alternatively, the DMA sequence encoding the enzyme -may be prepared 

8 synthetically by established standard methods, e.g. the phosphoamidlte. method de- 
scribed by S.L. Beaueage and M.H. Ct t 1 f* Iro Letters >2 1859- 
1889) or the method described by Matthes et al. (1984, The EMBO J. 3:801-805), In 
the aforementioned phosphoamidite method, oligonucleotides are synthesized, e.g. in 
an automatic DNA synthesizer, purified, annealed, ligaied and cloned in appropriate 

to vectors. 

Modification of the nucleic acid sequence encoding the carbohydrate oxidase 
may be necessary for the synthesis of a carbohydrate oxidase substantially similar to 
the carbohydrate oxtda t i bohydrafe oxidase 

refers to non-naturaiiy occurring forms of the carbohydrate oxidase. This carbohydrate 
is oxidase may differ in some engineered way from the carbohydrate oxidase isolated 
from its native source. For example, it may be of interest to synthesize variants of the 
carbohydrate oxidase where the variants differ in specific activity, thermostability, oxh 
d t k. i ? < N ^ f « M > s 5 .la e < < 

The analogous sequence may be constructed on the basis of the carbohydrate oxl- 
20 dase encoding region of the nucleic acid sequence for the carbohydrate oxidase of 
the present invention harbored in CSS 100238, a subsequence thereof, and/or by sn~ 
et on of nucleotide substitutions which do not give rise to another amino acid se- 
quence of the carbohydrate oxidase encoded by the nucleic acid sequence, but which 
corresponds to the codon usage of the host organism intended for production of the 
26 enzyme, or by introduction of nucleotide substitutions vvhsch may give use to a differ- 
ent amino acid sequence. For a general description of nucleotide substitution, see, 
e.g., Ford, et at, 1991, Protein Expression and Purification 2:95-107. 

Such substitutions can be made outside the regions critical to the function of 
the molecule and still result in an active carbohydrate oxidase, Amino acid residues 
so essentia! to the activity of the carbohydrate oxidase encoded by the isolated nucleic 
add sequence , and therefore preferably not subject to substitution, may be identified 
according to procedures known in the art, such as site-directed mutagenesis or 
alanine-scanning mutagenesis (see. e.g., Cunningham and Weils, 1989, Science 
244:1081-1085) in the latter technique mutations are introduced at every positively 
35 charged residue in the molecule, and the resultant mutant molecules are tested for 
protease activity to Identify amino acid residues that are critical to the activity of the 
\ u c Sites o f substrate enzyme interact on can a so be determine dm \ai > 
■si s*motuse as oetermmea ov i>.c^ n. ^c e^ a c - , ' 
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\ ,sea e g as Vos et a 992 Sci- 
ence 255:308-312; Smith, et aL 1992, Journal of Molecular Biology 224.899-904, 
Wlodsver. et aL, 1992, FEES Letters 309:59-64} 

The carbohydrate oxidase may be a fused polypeptide in which another 
5 polypeptide is fused at the N-iemiious or the C4erromus of me polypeptide or frag- 
ment thereof. A fused polypeptide is produced by fusing a nucleic acid sequence (or a 
portion thereof) encoding another polypeptide to a nucleic acid sequence for a portion 
thereof) of the present Invention. Techniques for producing fusion polypeptides are 
known in the art, and Include, iigatlng the coding sequences encoding the polypep- 
10 tides so that they are in frame and that expression of the fused polypeptide is under 
control of the same promoters ) and terminator- 
Yet another method for identifying carbohydrate oxidase-encodlng clones 
would involve inserting fragments of genomic DNA into an expression vector, such as 
a plasmid, transforming carbohydrate oxidase-negafive bacteria with the resulting 
15 genomic DNA library, and then plating the transformed bacteria onto agar containing 
a substrate for carbohydrate oxidase, thereby allowing clones expressing carbohy- 
drate oxidase to be identified. 

Finally, the DNA sequence may be of mixed genomic and synthetic origin, 
mixed synthetic and cDNA origin or mixed genomic and cDNA origin, prepared in ac- 
20 cordance with standard techniques by ligating fragments of synthetic, genomic or 
cONA origin as appropriate wherein the fragments correspond to various sections of 
the entire DNA sequence, 

Identity of amino acid or nucleic acid sequences 

The polypeptide identity referred to in this specification with claims is deter - 

25 mined as the degree of identity between two sequences indicating a derivation of the 
first sequence from the second. The identity may suitably be determined according to 
the method described in Needleman, S.B. and Wunsch, C.D>, (1970), Journal of Mo- 
lecular Biology, 48, 443-45, with the following settings for polypeptide sequence com- 
parison: GAP creation penally of 3.0 and GAP extension penalty of 0,1. The determi- 

30 nation may be done by means of a computer program known such as GAP provided 
In the GCG program package (Program Manual for the Wisconsin Package, Version 
8, August 1994, Genetics Computer Group, 575: Science Drive, Madison : Wisconsin, 
USA 53711), 

Alternatively, the degree of identity may be determined by the Cluatai method 
35 (Higgles, 1989, CA8IQS 5: 151-153} using the LASERGENE™ MEGAUGN™ soft- 
ware {DNASTAR, Inc., Madison, Wl) with an Identity table and the following multiple 
alignment parameters: Gap penalty of 10, and gap length penalty of 10. Pasrwise 
alignment parameters were &tupte"1, gap penalty«3, wlndows™5, and diagonals*^. 



WO 99/35990 



15 



The mature region of an ana - iree of sden 

dty preferably of at less? 60%, more preferably at least 70%, more preferably at least 
80%, more preferably at least 90%, and especially at bast 95% with the sequence of 
he afa 3ve 

s For purposes of the present inventic leg 2nhf> m two nu- 

cleic -acid sequences is determined by the Ciustai method (Higgins, 1989, CABIOS 5; 
151-153) with an identity table, a gap penalty of 10, and a gap length penalty of 10. 

Immunochemical Properties 

- unobyd ste >x las* n ^ have mmunochen 1 \ t«y or partial im- 
10 munochernical identity to a carbohydrate oxidase native to a strain of M. nivaie, or a 
telaomorph thereof, expressing carbohydrate oxidase activity. In this embodiment, 
said carbohydrate oxidase is used to produce antibodies which are immunoreactive or 
bind to epitopes of the polypeptide. 

A polypeptide has Immunochemical identity to the polypeptide native to M, ni- 
ls vale means if an antiserum containing antibodies against the po • ptift native to M. 
ffiVafe reacts with the other polypeptide in an identical manner, such as total fusion of 
precipitates, identical precipitate morphology, and/or identical electrophoretic mobility 
using a specific Immunochemical technique-. A further explanation of immunochemical 
Identity is described by Axelsen, Bock, and Krai! in N.H. Axelsen, J, Kr®ll, and B. 
20 Weeks, editors, A Manual of Quantitative Immunoelectrophoresis. Biackwell Scientific 
Publications, 1973, Chapter 10. 

Partial immunochemical identity means that an antiserum containing antibod- 
ies against the polypeptide native to M. mVafe reacts with the other polypeptide in a 
partially identical manner, such as partial fusion of precipitates, partially identical pre- 
25 ctpstata morphology, and/or partially identical electrophoretic mobility rising a specific 
Immunochemical technique. A further explanation of partial immunochemical Identify 
Is described by Bock and Axeisen in N.H. Axelsen, J. KrolL and B. Weeks, editors. A 
Manual of Quantitative Immunoelectrophoresis, Biackwell Scientific Publications, 
1973, Chapter 11. 

30 The immunochemical properties may be determined by immunological cross- 

d * 1 sts such as the well-known Ouchterlony double immunodiffusion 
procedure. Specifically, an antiserum aca"~-~M i n f sis ng 

ling to the procedure described by Harboe and Ingiid. in A 
Manual of Quantitative Immunoelectrophoresis, N.H. Axelsen, ,1 Krafi, and 8. Weeks, 
3S editors, Biackwell Scientific Publications, 1973, Chapter 23, or Johnstone and Thorpe 
in immunoehemistry ir Praofk s 1082 (more specifi- 

cally pages 27-31). 
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Preferably, the antibodies ere nionocionai antibodies. Monoclonal antibodies 
ma be pre? ed, e g sccc n the m es : A Labors 

iory Manual E. Harlow and D. Lane : editors, 1988, Ccid Spring Harbor Press, Coin 
Spang Harbor, New York. Purified immunoglobulins may be obtained from the anhse- 
5 mm, e.g., by ammonium sulfate pre , tic by dialysis and Ion exchange 

chromatography (e.g., DEAE-Sephadex). 

Production of carbohydrate oxidase 

The carbohydrate oxidase may be produced by fermentation of the above 
- - strain on a nutrient medium containing suitable carbon and nltro- 
10 gen sources and inorganic salts, using procedures known in the art (e.g., Bennett, 
J,W., and La Sure, L ( eds., More Gene Manipulations in Fungs Academic Press. CA. 
1991} Suitable media are available from commercial suppliers or may be prepared 
accord ing to published compositions (e.g., in catalogues of the American Type Culture 
Collection). A temperature in the range of from 20*C to 30*C is suitable for growth and 
15 < ir mi v h u ;x lase production. 

The fermentation may be any method of cultivation of a cell resulting in the 
expression or isolation of said carbohydrate oxidase. Fermentation may therefore tee 
understood as comprising shake flask cultivation, small or large scale fermentation 
(including continuous, batch, fed-batch, or solid state fermentations) in laboratory or 
20 industrial tormentors performed in a suitable medium and under conditions allowing 
the carbohydrate oxidase to be expressed or isolated. 

The resulting carbohydrate oxidase produced by the methods described 
above may be recovered from the fermentation medium by conventional procedures 
including, but not limited to, centrifugatiors, filtration, spray- drying, evaporation, or pre- 
ss cipitation. The recovered protein may then be further purified by a variety of chroma- 
tographic procedures, e.g., Ion exchange chromatography, gel filtration chromatogra- 
phy; affinity chromatography, or the like. 

The carbohydrate oxidase may foe produced by a method comprising (a) culti- 
vating an organism, which in its wild-type form expresses the carbohydrate oxidase, to 
so produce a supernatant comprising the carbohydrate oxidase; and ib) recovering the 
carbohydrate oxidase. 

Alternatively, the carbohydrate oxidase may be produced by aerobic cultiva- 
tion of a transformed host organism containing the appropriate genetic information 
from the above mentioned strain Such transformers can be prepared and cultivated 
35 by methods known in the art as described below. 
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f^yelaic Acid Construct 

The present invention also relates to nucleic acid constructs comprising a nu- 
cleic acid sequence of the present invention operably linked to one or more control 
sequences capable of directing the expression of the coding sequence in a suitable 

5 host cell under conditions compatible with the control sequences. 

The nucleic acid construct may be a nucleic acid molecule, either Single- or 
•-stranded, which is isolated from a naturally occurring gene or which has been 
modified to contain segments of nucleic acid which are combined and juxtaposed in a 
manner which would not otherwise exist in nature. The nucleic acid construct may be 

10 an expression cassette when the nucleic acid construct contains all the control se~ 
i t d <pm s a coding m $ o he s , 

coding sequence may be a sequence which is transcribed into mRNA and translated 
Into a carbohydrate oxidase of the present invention when placed under the control of 
the appropriate control sequences. The boundaries of the coding sequence are gen- 
ts orally determined by a translation start codon ATG at the 5-terminus and a translation 
stop codon at the 3 4 4erroinus. A coding sequence can include, but Is not limited to : 
DNA, cONA, and recombinant nucleic acid sequences. 

An isolated nucleic acid sequence of the present Invention may be manipu- 
lated In a variety of ways to provide for expression of the carbohydrate oxidase. Ma- 

20 nipulation of the nucleic acid sequence prior to its insertion into a vector may be de- 
sirable Of necessary depending on the expression vector. The techniques for modify- 
ing nucleic acid sequences utilizing cloning methods are well known in the art. 

The control sequences may include all components which are necessary or 
advantageous for expression of the coding sequence of the nucleic acid sequence. 

25 Each control sequence may be native or foreign to the nucleic acid sequence encod- 
ing the carbohydrate oxidase. Such control sequences include, but are not limited to, 
a leader, a promoter, a signal sequence, and a transcription terminator. At a minimum, 
the loch i s 1 v.oml 3~d trar 

signals. The control sequences may be provided with linkers for the purpose of Intro- 

30 ating ligation a* fh< NV seqm s wit! the 

coding region of the nucleic acid sequence encoding a carbohydrate oxidase. 

The control sequence may be an appropriate promoter sequence, a nucleic 
acid segues whici * i % I of the nucleic acid 

sequence 1 > , which 

35 mediate the expression of the carbohydrate oxidase. The promoter may be any nu- 
cleic acid sen <■■ h i tlvity In the host cell of choice and 
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nay he obtained from genes encod extracellular or intra© c frate oxi 

case either homologous or heterologous to the host cell. 

Examples of suitable promoters for directing the transcription of the nucleic 
acid constructs of the p r * a v $ st. are the pron ot- 

ers 1 i fi 1 ic operon, the Sirepfomyces cos ^ s ki sse ge 

(dagA), the Bacillus subttiis ievansucrase gene (sacB), the Bacillus l;ohenlformis al- 
pha-aroyiase gene (amyL), the Saallus stearothermcphilus monogenic amylase gone 
(aroyM), the Bacillus amyioiiqaefaciens aipha-amylase gene (amyQ), the Bacillus ii- 
oheniformis penicillinase gene (penP), the Bacillus subtiNs xylA and xylB genes, and 
the prokaryoile beta-lactamase gene (Villa -Kamarof et a!., 1978, Proceedings of the 
National Academy of Sciences USA 75. 3727-3731), as well as the fac promoter 
(DeBoer et al.« 1983, Proceedings of the National Academy of Sciences USA 80". 21- 
25) Further promoters are described in "Useful proteins from recombinant bacteria" In 
Scientific American, 1980, 242: 74-94; and In Sambrook et at, 1989, supra. 

For transcription In a fungal host, examples of useful promoters include those 
derivable from the gene encoding the Aspergillus otyzae TAKA amylase, Rhlzomucor 
miehei aspartic proteinase, A. nicer neutral a-amylase, A. nicer acid stable a-amyiase, 
A, niger glucoamytase, Rhizomueor mlehel lipase, A. oryzaa alkaline protease, A, 
oryzae those phosphate isomerase and A. nldulans aeetamidase. 

The control sequence may also be a suitable transcription terminator se- 
quence, a sequence recognized by the host call of choice to terminate transcription. 
The terminator sequence is operabiy linked to the 3* terminus of the nucleic acid se- 
quence encoding the carbohydrate oxidase. Any terminator which is functional in the 
host ceil of choice may be used in the present invention. 

The control sequence may also be a suitable leader sequence, a nohtrans- 
fated region of a mRNA which is Important for translation by the host cell. The leader 
sequence is operabiy Naked to the 5' terminus of the nucleic acid sequence encoding 
the carbohydrate oxidase. Any leader sequence which is functional in the host cell of 
choice may be used in the present invention. 

The control sequence may also be a signal peptide coding region, which 
codes for an amino acid sequence linked to the amino terminus of the carbohydrate 
oxidase which can direct the expressed carbohydrate oxidase into the cell's secretory 
pathway. The signal peptide coding region may be native to the carbohydrate oxidase 

'he t end of the coding sequence of the 
nucleic acid sequence may inherently contain a signal peptide coding region naturally 
linked in translation reading frame with the segment of the coding region which en- 
codes the secreted carbor * > rtively tN 5 end of the coding se- 
quence nay < os tide coding region which is foreign to that portion of 



wo: ma 



19 



the ceding sequence which encodes the secreted carbohydrate oxidase. The foreign 
signal peptide coding region may be required where the coding sequence dees not 
normally contar a s e - * c gnaf pep- 

tide coding region may simply replace trie natural signal peptide coding region in order 

5 o obtain enhanced st - f ^ o f < m * - veto the tura na 

peptide cod ng region normally associated with the coding sequence. Any signal pep- 
tide coding region capable of directing the expressed carbohydrate oxidase into the 
secretory pathway of the host cell of choice may be used in the present invention. 

An effective signal peptide coding region for a bacterial host ceil, In particular 

to Bacillus, is the signal peptide coding region obtained from the maltooemc amylase 
gene from Bacillus NCI8 11837, the Bacillus stearothermophiius alpha-amylase gene, 
the Bacillus lichenitormis subiiiisin gene, the Bacillus iicheniformis beta- lactamase 
gene, the Bacillus stearothermophiius neutral proteases genes (nprT, nprS, nprM), 
and the Bacillus subtilis prsA gene. Further signal peptides are described by Simonen 

15 and Paiva, 1993, Microbiological Reviews 57: 109-137. 

Expression Vectors 

The present invention also relates to recombinant expression vectors com- 
prising a nucleic acid sequence of the present invention, a promoter, and transcrip- 
tional arid transiational stop signals. The various nucleic acid and control sequences 

20 described above may be joined together to produce a recombinant expression vector 
which may Include one or more convenient restriction sites to allow for insertion or 
substitution of the nucleic acid sequence encoding the carbohydrate oxidase at such 
sites. Alternatively the nucleic acid sequence of the present invention may be ex- 
pressed by inserting the nucleic acid sequence or a nucleic acid construct comprising 

2t> the sequence into an appropriate vector for expression, in creating the expression 
vector, the coding sequence is located in the vector so that the coding sequence is 
operably linked with the appropriate control sequences for expression, and possibly 
secretlqh, 

< * < - J - N< veto? may also comprise - euka yot s a | oly ade nylation 
30 sequences operably linked to the ONA sequence encoding the carbohydrate oxidase . 
Termination and poly adenylation sequence > 
sources as the promoter. 

The recombinant expression vector may be any vector which can be conven- 
iently subjected to recombinant DMA procedures and can bring about the expression 
35 of the nucleic acid sequence. The choice of the vector will typically depend on the 
compatibility of the vector with the host ceil Into which the vector is to be introduced. 
The vectors may be linear or closed circular piasmids. The vector may be an autono- 
mously di yectoi i.e., a vector which exists as an extra* v entity 
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*vl Dh s f cii pence nt. of cbu , > , > a &p a >n e g a p asm 1 a. 
extrachroroosomal element a minichromosome, or an artificial chromosome. The 
ector ma sin any means fo eiy, the vecto 

may be one whicl when ntrc \ s < j < 1 he * 

s and replicated together with the chromosome{s) into which, it has been integrated. The 
vector system may ha a single vector or plasm id, two or more vectors or piasmsds 
which together contain the total DMA to be introduced into the genome of the host 
ceil or a transpose?!. 

The vectors of the present invention preferably contain one or more selectable 

to markers which permit easy selection of transformed ceils. A selectable marker is a 
gene the product of which provides for biocide resistance, resistance to heavy metals, 
P? yu< p , to •* «xo*fophs, and the hke Examples of bacterial selectable markers are 
the dal genes from Bacillus subhlls or Bacillus lieheniformis, or markers which confer 
antibiotic resistance such as arnpicillin, kanamycin, erythromycin, chloramphenicol or 

15 tetracycline resistance. Furthermore, selection may be accomplished by co- 
transformation, e.g., as described in WO 91/08129, where the selectable marker is on 
a separate vector. 

The vectors of the present invention contain an elements) that permits stable 
integration of the vector into the host cell genome or autonomous replication of the 

20 vector in the cell independent of the genome of the cell. 

The vectors of the present invention may fee integrated into the host ceil 
genome when introduced Into a host cell. For integration, the vector may rely cm the 
nucleic acid sequence encoding the carbohydrate oxidase or any other element of the 
vector for stable integration of the vector into the genome by homologous recombina- 

25 tion. Alternatively, the vector may contain additional nucleic acid sequences for dh 
reci r.; ; ma nation by homologous recombination into the genome of the host ceil. The 
additional nucleic acid sequences enable the vector to be integrated into the host ceil 
genome at a precise location in the chromosome. To increase the likelihood of inte- 
gration at a precise location, the international elements should preferably contain a 

30 sufficient number of nucleic acids, such as 100 to 1 s 500 base pairs, preferably 400 to 
1,500 base pairs, and most preferably 800 to 1,500 base pairs, which are highly ho - 
» ! f e corresponding target sequence to enhance the probability of ho- 
mologous recombination. The integraticnal elements may be any sequence that is 
homologous with the target sequence in the genome of the host cell F urthermore, the 

35 integrc ■?■.- r -merits may fee non-encoding or encoding nucleic acid sequences. 

For autonomous replication, the vector may further comprise an origin of rep- 
lication enabling the vector to replicate autonomously In the host cell in question. Ex- 
amples of bacterial origins of replication are the origins of replication of piasmtds 
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pBR322 pUC19 pACYCl?? and j. \CY< i c -< permitting replication in E. col and 
pUB110 : pE194. pTAIOoO. and pAMG'i permitting replication in Bacillus. The origin of 
* v * < " i <- r f ,it ts function te >( \ v*v; n 

the Backus ceil (see. e.g., Ehriich, 1978. Proceedings of the National Academy of 

5 Sciences USA 75: 1433), 

yore than one copy of a nucleic acid sequence encoding a carbohydrate oxi- 
dase of the pro-sent invention may be inserted into the host col; to amplify expression 
of the nucleic acid sequence. Stable amplification of the nucleic acid sequence can be 
obtained by integrating at least one additional copy of the sequence into the host ceil 

to genome using methods weii known in the art and selecting for transformers. A con- 
venient method for achieving amplification of genomic DMA sequences is described in 
WO 94/14988. 

Procedures suitable for constructing vectors encoding a carbohydrate oxi- 
dase and containing the promoter, terminator and other elements, respectively, are 

is well known to pet-sons skilled in the art (at, for in~stance, Sambrook et a!., supra). 

if may also he desirable to add regulatory sequences which allow the regula- 
tion of the expression of the carbohydrate oxidase relative to the growth of the host 
cell. Examples of regulatory systems are those which cause the expression of the 
gene to be turned on or off in response to a chemical or physical stimulus, including 

20 the presence of a regulatory compound. Regulatory systems in prokaryotic systems 
would include the lac, fao, and trp operator systems. Other examples of regulatory se- 
quences are those which allow for gene amplification. In these cases., the nucleic acid 
sequence encoding the carbohydrate oxidase would be operabiy linked with the 
regulatory sequence. 

25 While intracellular expression may be advantageous in some respects, e.g.. 

when using certain bacteria as host cells. It is generally preferred that the expressed 
carbohydrate oxidase is secreted extraeellularly. 

Host Cells 

The present invention also relates to recombinant host ceils, either comprising 
30 a DNA construct or an expression vector as described above, which are advanta- 
geously used in the recombinant production of the carbohydrate oxidase The host 
cell may be any progeny of a parent cell which is not Identical to the parent cell due to 
mutations that occur during replication. 

The cell is preferably transformed with a vector comprising a nucleic acid se~ 
36 quence followed by integrate of the vector into the host chromosome. 
'Transformation" means introducing a vector comprising a nucleic acid sequence of 
the present invention into a host cell so that the vector is maintained as a chromoso- 
mal integrant or as a seif-replicating extra- chromosomal vector. Integration is gener- 
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red to be an adva > < y to be 

d thfc veeto? intc x oc- 

curs by homologous or non-ho* ■ ecombina , i .- be< above. 

The cHoice of a hosi ceil w-i! to a large e<tem depend upon ino gone encoding 
§ the carbohydrate oxidase and its source. The host ceil may be a cell of a higher or- 
ganism, sued as a mammal or an insect, but is prefer-ably a microbial cell, e.g., a 
bacterial or a fungal (including yeast) cel. 

Examples of suitable bacterial ceils are gram positive bactena including, but 
not limited to. a Bacillus ceil e.g., Bacillus alkalopmius. Bacillus amyjohouefaaens, 
10 Bacillus hrevis, Bacillus circuians, Bacillus coagulans, Bacillus firrous, Bacillus iautus, 
Bacillus lentus, Bacillus licheniformts. Bacillus megaterium. Bacillus pomiius, Bacillus 
stearothermophilus, Bacillus subfiiis, and Bacillus fhuringiensls: or a Streptomyces 
cell, e.g., Streptomyces lividans or Streptomyces munnus, or gram negative bacteria 
such as £. coii and Pseudomonas sp<- In a preferred embodiment, the bacterial host 
is ceil is a Bacillus lentus. Bacillus lichenrformjs b '» > ^ ■> --xh 

subtilis cell. 

The transformation of a bacterial host cell may, for instance be effe< led by 
protoplast transformation (see, e.g., Chang and Cohen, 1979, Molecular General Ge - 
netics 168:1 11*1 15), by using competent ceils (see, e.g., Young and Sp&izin, 1961, 

20 Journal of Bacteriology 81:823-829, or Dubnau and Davldoff-Abelson, 1971, Journal 
of Molecular Biology 58:209-221), by electroporation (see, e.g., Sbigekavva and 
Dower, 1988, Biotechniques 6:742-751), of by conjugation (see, e.g., Koebler and 
Thome, 1987, Journal of Bacteriology 189:5771-5278). 

The host cell may also be a eukaryote, such as a mammalian cell, an insect 

25 cell, a plant cell or a fungal cell Useful mammalian cells include Chinese hamster 
ovary (CHO) ceils, HeLa cells, baby hamster kidney (8HK) cells, CDS cells, or any 
number of other immortalized cell lines available, e.g., from the American Type Cul- 
ture Collection, 

In a preferred embodiment the host cell is a fungal cell "Fungi." as used 
3D herein, includes the phyla Ascomycota, Basldomycota, Chyiridiomyeota, and Zygo- 
mycete (as defined by Hawksworth, at al, Ainsworih and Bisby's Dictionary of The 
Fungi. 8th edition, 1995, CAB international, University Press, Cambridge, UK) as well 
as the Oomycota (as cited in Hawksworth, et a! , 1995, supra, page 171) and all rnllo- 
speric fungi (Hawksworth, et aL 1995, supra). Representative groups of Ascomycota 
35 include, e.g., Meurospera, Eupenicilum (-Penscifem), Enwieelia (-Aspergillus), Eu- 
roiium (-Aspergillus), and the true yeasts !,steo above. Examples of Basidicmycota 
include mushrooms, rusts, and smiifs. Representative groups of Chyiridiomyeota In- 
clude, e>9., Aliomyces. ilasfoeiadielia, Ooeiomomyees, and aquatic fungi. Represen 
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tative groups of Oomycota include, e.g., Saprolegniomycefous aquatic fungi (water 
molds) such as Aehlya. Examples of mitosporic fungi include Aspergillus, Penieiium, 
Ca lid and *Mte aria R € groups of Zygomycete delude e g. 

Rhizcpus and Mucor. 

§ In a preferred embodiment, the fungal cost cell is a yeast cell. "Yeast" as used 

herein includes ascospomgenous yeast {Endomycetales}. basidiosporopenous yeast 
and yeast belonging to the Fungi imperfect! (Blastomycoses). The ascosporogenous 
yeasts are divided into the families Spermophthoraeaae and Sacoharoruyeefacese. 
The latter is comprised of four subfamilies, Schizosaecharemycoideae (0,9., genus 
10 Schizosaccharomyces), Nadso.oioideae, lipomyeoldeae. and Saccharomyeoideae 
(e.g., genera Plchla, Kluyvemmyces and Saccharomyces), The basidiosporogenous 
yeasts include the genera leucosporidim, Rhodosporidium, Sporsdicbolus, Fiiohask.P 
ium, and Filobasldiella. Yeast belonging to the Fungi Imperfect! are divided into two 
families, Sporobolomyeetaoeae (e.g., genera Soroholomyees and Bullera) and Cryp- 
ts toeoccaceae (e.g., genus Candida). The yeast may be as described in Biology and 
Activities of Yeast {Skinner, FA, Rassmere, S,M., and Davenport, R.R., ads, See 
App, Bacterid. Symposium Series No. 9, 1900. The biology of yeast and manipulation 
of yeast genetics are well known in the art (see, e.g., Biochemistry and Genetics of 
Yeast Bad!, M<> Horeoker, 8J„ and Stopani, A.O.M., editors, 2nd edition, 1087; The 
20 Yeasts, Rose, A,H,, and Harrison, J.S,, editors, 2nd edition, 1987; and The Molecular 
Biology of the Yeast Saccharomyces, Sfraihern etal, editors, 1981). 

In a more preferred embodiment, the yeast host ceil is a cell of a species of 
Candida Kiuyveromyces, Saccharomyces, Schizosaecharomyoes, Pichia, or Yar- 
rowia, 

25 in a most preferred embodiment, the yeast host eel! is a Saccharomyces 

carlsfoergensiS, Saccharomyces cerevislae, Saccharomyces diastaticus, Saccharomy- 
ces dougiasii, Saccharomyces kfuyveri, Saccharomyces norbensis or Saccharomyces 
ovifomiis ceil In another most preferred embodiment, the yeast host ceil is a Kluy- 
verornyces lactis cell. In another most preferred embodiment, the yeast host cell is a 

30 Yarrow;a lipolytics cell. 

In a preferred embodiment, the fungal host ceil is a filamentous fungal cell. 
"Filamentous fungi" include all filamentous forms of the subdivision Eumycota and 
Oomycota (as defined by Hawksworth et a!., 199S, supra). The filamentous fungi are 
characterized by a vegetative mycelial wall composed of chitin, cellulose, giucan, ohi- 

35 tosan, mannan, and other complex polysaccharides. Vegetative growth •<? by hyohal 
elongation and carbon catao » , aerobic In contrast, vegetative growth 

by yeasts such as Saccharomyces cerevislae is by budding of a unicellular thelitis and 
carbon catabolism may be fermentative. In a more preferred embodiment, the fiia- 
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mentous fungal host cell Is a cell of a species of, but not limited to, Acr®momum, As- 

via n o/a M&cOi V i, Pcmofhw 

Thieiavia, Toiypociadium. and Tnchoderma, 

In a most preferred embodiment, the filamentous fungal host eel; is an Asper- 

5 glllus awamori, Aspergillus foetidus, Aspergillus japonicus. Aspergillus nidulans, As- 
pergillus niger or Aspergillus oryzaa ceil. In another most preferred embodiment, the 
filamentous fungal host cell is a Pueddum c^redte, Fiisariiim crookw* ense 
graminearum. Fusarium oxysporum, Fusarium sambucinum. Fusarium sulphuraum, or 
Fusarium venenatum cell, in another most preferred embodiment, the filamentous 

10 fungal host cell is a Humicoia insotens or Homicola lanuginosa cell. In another most 
preferred embodiment, the filamentous fungal host cell is a Mucor mlehei cell, in an- 
other most preferred embodiment, the filamentous fungal host ceil is a Myceitophthora 
thermophllum cell, in another most preferred embodiment, the filamentous fungal host 
cell Is a Neurospora crassa ceil. In another most preferred embodiment, the Diamerv 

15 tous fungal host ceil is a Penicillium purpurogenum cell. In another most preferred 
embodiment, the filamentous fungal host cell is a Thieiavia terrestris cell. In another 
most preferred embodiment, the Trichoderma cell is a Trichoderma harzlanum, 
Trichoderma konirtgii, Trichoderma longibrachiaturo, Trichoderma reesei or Trieho- 
derma vshde call. 

20 Fungal cells may be transformed by a process involving protoplast formation, 

transformation of the protoplasts, and regeneration of the cell wall in a manner known 
per se. Suitable procedures for transformation of Aspergillus host cells are described 
in p> 238 023 and Yelton et al„ 1984, Proceedings of the National Academy of Sci- 
ences USA 81:1470-1474, A suitable method of transforming Fusarium species is de- 

25 scribed by Malardier et ai„ 1989, Gene 78:147-158 or in copending US Serial No. 
OB/289.449. Yeast may be transformed using the procedures described by Seeker 
and Guaranfe, in Abeison, J.N, and Simon, MX, editors, "Guide to Yeast Genetics 
and Molecular Biology*. Methods in Enzymology, Volume 194, pp 182-187, Academic 
Press, Inc., New York; lto : et at, 1983, Journal of Bacteriology 158:163; and Hinnen 

30 et ah. 1978, Proceedings of the National Academy of Sciences USA 75:1920, Mam- 
malian cells may be transformed by direct uptake using the calcium phosphate pre- 
: i>y on method of Graham and Van der Eb (1978. Virology 52:546} 

Recombinant Methods of Production 

The carbohydrate oxidase can be produced by recombinant methods eom- 
3-s prising cultivating a host ceil as described above under conditions conducive to the 
production of said carbohydrate oxidase and recovering the carbohydrate oxidase 
from the ceils and/or culture medium. 
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In these methods, the cells are cultivated in a nutrient medium suitable for 
production of the carbohydrate oxidase using methods known in the art. For example, 
the cell may be cultivated by shake flask cultivation, small-scale or large-scale fer- 
mentatio i\ng continuous batch, fed batch or solid s s one) in 

5 laboratory or industrial fermentors performed in a suitable medium and under condi- 
tions allowing the carbohydrate oxidase to be expressed and/or Isolated. The cultiva-- 
ho i ou i - ~ ifc^n, , ' ?<o N " \; -a 1 a <' o 

and inorganic salts, using procedures known in the art (see, e.g., MM, Arbige et ah, in 
Abraham L Sonenshein, James A. Hoch, and Richard Losick, editors. Bacillus sub-fills 

10 and Other Gram-Positive Bacteria, American Society For Microbiology, Washington, 
D.C., 1893. pages 871-895). Suitable media are available from commercial suppliers 
or may be prepared according to published compositions (e.g., in catalogues of f he- 
American Type Culture Collection). If the carbohydrate oxidase is secreted into the 
nutrient medium, the carbohydrate oxidase can be recovered directly from me me- 

15 dium. if the carbohydrate oxidase is not secreted, it is re-covered from ceil Sysates. 

The carbohydrate oxidase may be detected using methods known in the art 
that are specific for the polypeptide. These detection methods may include use of 
specific anti-bodies, formation of an enzyme product, or disappearance of an enzyme 
substrate. For example, an eftzyme assay may be used to determine the activity of 

20 the polypeptide. 

The resulting carbohydrate oxidase may be recovered by methods known in 
the art. For example, the carbohydrate oxidase may be recovered from the nutrient 
medium by conventional procedures Including, but not limited to, centnfugation, filtra- 
tion, extraction, spray-drying, evaporation, or precipitation. 

25 The carbohydrate oxidase of the present invention may be purified by a vari- 

ety of procedures known in the art including, but not limited to, chromatography (e.g. , 
ion ex-change, affinity, hydrophobic, chromatofocusing, and size exclusion), electro- 
.phonetic procedures {e.g., preparative isoelectric focusing 0EF), differential solubility 
(e.g., ammonium sulfate precipitation), o o<o < /k n ( g <> cr -> n "r*cvo I 

30 C. Janson and Lars Ryden, editors, VCH Publishers, New York, 1089), 

Industrial Applications 

In addition to the us in baking, discussed above, the carbohydrate oxidase 
may be use < i in personal care products such as toothpaste, in particular, 

where whitening of the teeth is desirable, mouthwash, denture cleaner, liquid soap, 
35 skin care creams and lotions, hair care and body care formulations, and solutions for 
cleaning contact lenses In an amount effective to act as an antibacterial agent The 
carbohydrate oxidase may also be a component of a laundry detergent composition or 
a dishwashing detergent composition and may be used for the generation of hydrogen 
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peroxide. The laundry detergent composition may comprise a surfactant, said carbo- 
s xidase and bstrste for the cart wdrsts xxidas x i < s i * de 
tergete composition may comprise said carbohydrate oxidase and a bleach precursor 
or peroxy acid, and a substrate for carbohydrate oxidase 

s The carbohydrate ex das r % 

to determine the amount or reducing sugars present in a given sample, or the enzyme 
may be immobilized and inserted into an electrode to provide continuous measure- 
ment of starch or cellulose hydrolysis. 

In addition, the carbohydrate oxidase of the present invention may be used to 

10 oxidize an oligosaccharide with a glucose residue at the reducing end into the corre- 
sponding acid, e.g. to produce iactobionic aeitf from lactose. 

Methods for determination of carbohydrate oxidase activity 

Premix; 

13 7,2 my 3-dimetbyiartenobenzoic acid (DMAS) 

0,33 mM 3-methyi-2-benzothtoHnons hytimzm® (MBTH) 
4 mg/ml recombinant Coprinus cinereus peroxidase (rCiP) 
0.4M/0.4M Phosphate/Citrate buffer (pH 8} 

incubation mix: 

20 1 80 pi 500 mM glucose 2S mM citrate 25 mM phosphate pH 8,0 

20 pi Sample 

The incubation mix is allowed to incubate for 20 minutes at 30°C. Then 100 mi 
of the incubation mix and 100 ml premix are mixed together. After 30 seconds, the 
25 absorbance at 640 (or 490) nm is read. A standard of 0.2 mM H202 is included. 

Assays are carried out in 96 well microtiter pistes. 100 pi 0,1 M phos- 
phate/cStrate, pH 8 is mixed with SO pi 0.24 M glucose and 50 pi pre-mix (3 mM 4- 
aminoantipyrine (4AA), 7 mM H-etbyl-N-suifopropybm-tcluidisie (TOPS), 40 PODU/mi 
so rCiP) and the reaction is started by adding 40 pi of oxidase solution diluted appropri- 
ately. Absorption is measured at 490 nm as a function time using the Vmax microtiter 
plate ready from Molecular Devices and the activity is taken as the slope of the linear 
increase in absorption. 
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EXAMPLES 

Example 1: Production of carbohydrate oxidase from wild-typo M. mVale 

A strain of M. nimte, CBS 100236, was fermented paind the following com- 



5 ptete medium: 

led! m SA 

Rofec (Roquette) 10 gram 

NHjNO, (Merck) 10 gram 

IW0 4 (Merck) 10 gram 

ygSG 4 -7G%Q) 0.75 gram 

Plutonic 100% (BASF) 0.1 mi 



Tap water for a final volume of 1000 ml 

The pH was adjusted to pH 6,5, then 1 tablet of 500 mg CaCO, was added. 
One hundred ml of the complete medium was added to each 500 ml 2~haffie shake 
flask, The shake flasks were then autoctaved for 40 mln. at 121 ft C. An inoculum was 
10 prepared from a spore suspension prepared from 5 PDA slants, grown for 7 days at 
26°C, then washed in 20 ml sterile water and Tween 80 (ICS).. Each shake flask was 
Inoculated with 2 ml of the spore suspension, then cultured for 10 days at 2S°C and 
with constant shaking at 125 rpm.. At the end of cultivation, the cells were pelleted, 
and the enz> - a i < supernatant. 

16 Purification 

From a 5 liter fermentation, 4300 ml of cenfrifuged fermentation broth was fil- 
tered and concentrated to 680 ml by ultrafiltration using a filter with a molecular weight 
cutoff of 10 kDa (Rtroh). The enzyme was precipitated with (NB4)jSQ, between 200 
and 400 mg/rni. After dissolving the precipitate in 25 mM Iris pH 7,5 the sample was 

20 washed by ultrafiltration until the conductivity was identical to 25 mM Tris pH 7.5, The 
sample was passed over a column of 300 mi Q-Sepharose XL (Pharmacia) equllh 
brated in the same buffer and the run-through collected. After adding (NH4) ? SO, to 
100 mg/mi the sample was passed over a NIC column (Toyopearhbutyl 650) 
(TosoHaas) equilibrated with 25 mM Tris pH 7.5; 100 mg (NH4) 2 SO <! /mi The run- 

25 through was washed with 25 mM acetate buffer pH 5.0 and applied to a column of 
SP~Sepharose (Pharmacia) equilibrated in the same buffer. Bound enzyme was 
eluted using a linear salt gradient to 1 MNaQi in 25 mM acetate buffer pH 5.0 over 10 
column volumes. Active fractions were pooled. Final polishing of the preparation was 
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done by HI s< cc ^ N si g a buffer of 2i 

aceiaie buffer pH 5 0 with a linear gradient i n i from 2 M (NB4} 3 SO,. to 0 M over 

c umn volumes Act a fractions w c nd dia % s« d ags nst 25 mM acetate 
buffer pH 5.0 for 24 hours, 

Analysis of the purified protein by SDS-PAGE indicated a molecular weight of 
proximately 52 kOa an ? s 

The purified M. nivaie oxidase also showed a pronounced yellow color, sug- 
gesting the presence of FAD as a cefaclor. An afesorbance scan of the enzyme re- 
10 vealed two absorption maxima, at 386 and 440 nm, characteristic of the presence of 
FAD in the enzyme. In the presence of glucose., the peak at 440 nfn disappeared, in- 
dicating a reduction of the FAD. 

Example 2: Amino acid sequences from .41 mvafe carbohydrate oxidase 

A highly purified preparation of M n/vafo was rc r - kyiated A sam- 
15 pie of the enzyme was then degraded with lysyl-endopeptidase (Wako) or TPCKi- 
trypsin (Fromega), Peptides were isolated by RP-HPLC on a Vydac 218TP column 
(Vydac} in TFA (fnftuoroaeetate)/isopropanol and reputfied on a Vydac 218TP column 
in TFA^acetonifrils, Selected peptides were analyzed by Edman degradation. The M- 
termlnal sequence was determined by sequencing the purified enzyme alectrobiohed 
20 onto a PVDF membrane. 

The partial sequences obtained were an N-terminai sequence shown at posi- 
tions 1-24 of SEQ ID NO; 2 and internal sequences as shown at positions 229-256, 
249-271, 303-322, 338-347, 383-404, 406-414, 420-440 of SEQ ID NO: 2. None of 
the sequences from the carbohydrate oxidase showed homology to any relevant se- 
as quences when searched against the Swissprat and EM8L databases. 

Example 3: Extraction ofMmmdmhmm nivate genomic DNA 

Agar slants of Miaodochium nivaie (NN008SS1, CBS 100236} mycella were 
rinsed with 10 ml of sterile 0.008% Tween 20. A 2 ml volume of the mycelial solution 
was inoculated Into a 250 ml shake flask containing SO mi of MY50 pH 6.0 medium. 

so The yY50 pH 6.0 medium was composed per liter of 60 g of maitodextrin, 2 g of 
ygSCv7H 2 0. 10 g of KH 2 P0 4 , 2 g of K.,80,., 2 g of citric acid, 10 g of yeast extract, 2 
9 of urea, and 0.5 mi of AMG trace elements. The AMG trace metals solution was 
composed per liter of 14.3 g of ZnSO/?B ; >0, 2,5 g of CuSO,-SH,C\ 0.5 g or 
NICI/SHoD, 13,8 g of FeSO,-7H s O t 8.S g of MnSO<*HA and 3 g of citric acid, The 

35 shake flask was incubated at 28*0, 125 rpm for 6 days. 
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Myea o from the 6 day cults 
La Jolla, CA), rinsed twice with approximately SO mi of 10 mM Tris-1 mM EDI A pH 
8.0 (TE), and squeezed dry. The mycelia were tben frozen in liquid nitrogen and 
ground to a fine powder in an electric coffee grinder pre-chiiied with dry ice. A 2 g 

5 sample of the powder was transferred to a sterile disposable 50 ml conical tube and a 
20 mi volume of lysis buffer (100 mM EOTA, 10 mM Iris, 1% Triton X-1G0, 500 mM 
guanidine-HCl, 200 mM MaCl pH 8:0} was added slowly followed by 20 ug of DNase- 
free RNa.se A per ml The mixture was incubated at 37* C for 30 minutes. Proteinase K 
was then added at 0.8 mg per mi and the mixture was incubated at 50*C for an addh 

io bona! 2 hours. The lysed mixture was eentrifuged at 12-15,000 x g for 20 minutes to 
pellet the insoluble debris. 

The lysate supernatant was transferred io a Qiagen-fep 500 Max? column 
(Qiagerc Santa Cianta, CA) pre-equslibrated with 10 ml of QBT buffer (Dragee, Santa 
Ciarita, CA) and the column was washed with SO mi of QC buffer {Qiagem Santa 

IS Cianta, CA). The DNA was eiuted with 15 ml QF buffer (Qiagen, Santa Ciarita, CA) 
and 7 volumes of filter sterilized isopropanol was added to the eiuted DNA solution. 
The solution was mixed gently and then eentrifuged for 20 minutes at 16,000 x g to 
pellet the DNA, The pelleted DMA was washed with 5 ml of ice-cold 70% ethanoi. air 
dried, and re-suspended In §00 pi of TE. 

20 Example 4: RCR amplification of Miefodoehtum niVale carbohydrate oxidase 
gene 

The primary amino acid sequence data from the M-termsna! and internal frag- 
ments of the purified Microdochium nivale carbohydrate oxidase described in Example 
2 was used to create the following degenerate PGR primers to amplify the carbohy- 
25 drafe oxidase gene from the genomic Microdochium nivale DMA prepared in Example 
3: 

Forward primer (N-terminal peptide sequence); GCIGCIGGIGTICCIATH- 
GAYAT {SEQ ID MO:3) 

Reverse Primer (internal peptide sequence): SGGRTC1GCRTARTTDATRTA- 
30 CAT (SEQ ID MO-4) 

Amplification was accomplished using the Hot Wax Gpiisiart™ Kit (inviirogen, 
San Diego, CA) according to t e mar ufa :turr - r st ictiom Six reactions were set 
up that differ from each other by pH and Mg- concentration as shewn below ;n tno 
following fable: 

1 .5 mM MgCI, 2M mM MgCI, 3,5 mM MgCi- 

pH 8.5 reaction 1 reaction 2 reaction 3 

pH 8 reaction 4 
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pH 9,5 reaction 5 

pH 10 reactions 

The amplification reactions (50 I contained 1 .62 c of Microdochium nivaic 
genomic DNA as the template, 50 pmeie of each primer, 1x PGR Buffer, 5 \xl of a 10 
mM dHTP mix, and a HotWax™ Mg 2 * bead containing the appropriate amount of 
s Mg 2 *, The reactions were cycled in a Parkin Elmer 480 Thermal Cycler programmed 
as follows; Cycle 1 at 94X for 2.5 minutes and 72°C for 2 minutes; cycles 2-37 each 
at 94*C for 45 seconds, 5QX for 45 seconds, and 72*C for 2 minutes; and cycle 38 at 
94 a C for 45 seconds. SOX for 45 seconds, and ?TC for 10 minutes. Cycle 39 was a 
4°C soak cycle. 

io A 9 ui volume torn each reaction was electrophorased on a 1 % agarose gel 

using 50 mM Tris-SO my hone aoid-1 mM EDTA (TBE) buffer. Reactions 4, 5, and 8 
.revealed a major band at 1335 bp. Reactions 4, 5, and 6, were pooled and electro- 
phoresed on a 1% agarose gel as before. The 1335 bp band was excised from the gel 
and purified using a Qiaex II Gel Extraction Kit (Qiagen, Santa Ciarlta, CA). The purl- 
is fled 1335 bp PGR product was then cloned into pCR2.1-TOPO (invHrogen, San Di- 
ego, CA) and Irene c m< >/< TOP 10 ceils (invitrogen, Carlsbad, 
CA) according to the manufacturer's instructions. Piasmid DNA was isolated from the 
transformants using a Wizard Max! Prep Kit (Promega, Madison, Wi). The Isolated 
piasmid DMA was sequenced using an Applied Blosystems Prism 377 DNA Se- 
20- guencer and 377XL collection and analysis software (Perkin Elmer. Applied Biosys- 
tfems, Foster City, CA) according to the manufacturer's instructions. The sequence 
data confirmed that the 13SS bp fragment encoded pad of the Microdochium ,wafe 
carbohydrate oxidase gene. 

Example S; Southern Blot of Microdmhrnm tihmfe genomic DNA 
as A sample of the genomic DNA prepared in Example 3 was analyzed by 

Southern hybridization (Maniatis eta!., 1982. Molecular Cfanlng, a Laboratory Manual, 
Cold Spring Harbor Press, Cold Spring Harbor, New York). Approximately 3 ug of the 
genomic DNA were digested with EcoRI, Kpnl, rVoH, Saci Sphl or Xba\ (Boehrlnger 
Mannheim, Indianapolis, IN) and fractionated' by size on a 0.6% agarose gel using 
30 TBE buffer The gel was photographed under short wavelength UV light ana soaked 
for 30 minutes In 0 5 M NaOH-i'.S M NaCi followed by 15 minutes in 1 U Tris-BC! pH 
8-1.5 M NaCT DNA In the gel was transferred onto a Hybond N hybridization mem- 
brane (Amersham Life Science, Arlington Heights, It) by capillar/ blotting in 20X 
SSPE (3 M sodium chloride-OJ M sodium dibasic phosphaie-0.02 M disodium EDTA) 
3S using the Turbo Blot method {Behieicher and Sehueil, Keene, New Hampshire), The 
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membrane was crossiinked with UV CUV Stretatinker 2400, Stratagene, La Jolla, OA) 
and then soaked for 2 hours in the following hybridization buffer at 46X with gentle 
agitation: 5X SSPE, 50% formamide <wv) 0.3% SOS. and 200 pg/mi denatured and 
sheared salmon testes DMA, 

The 1335 bp fragment described in Example 4 y containing part of the coding 
sequence of the Microdochium nivaia carbohydrate oxidase, was radiolabeled by ran- 
dom priming (Prime it H, Stratagene, La Joila, CA) with <xf ? P]dCTP (Amersham, Ar- 
lington Heights, It). The apPJdCTP-iabeied fragment was added to the hybridisation 
buffer at an activity of approximately 1x10 s cpm per mi of buffer. The mixture was 
incubated with the membrane overnight at 45°C in a shaking water bath, Following 
incubation, the membrane was washed three times for fifteen minutes each in 2X SSC 
(0.3 M Nad, 30 mM sodium citrate pH 7,0} with 0,2% SDS at 45*G. The membrane 
was dried on a paper towel for 15 minutes, then wrapped in plastic wrap, and exposed 
to X-ray film for three hours at -70*C with intensifying screens (Kodak, Rochester, 
NY). 

The Southern blot showed the presence of a 3 kb band in the lane containing 
the Sac\ digest. Since the Sad digest yielded a band size small enough to amplify 
and large enough to contain the fuiMength gene, it was used for isolating the com- 
plete gene by inverse PGR. 

» PGR of coding sequence of the Mietttdochtom nivate c*ri>o* 

inverse PGR was used to obtain the 5 ! and 3' flanking DMA of the 1335 bp 
fragment to isolate the entire coding sequence of the Micrctiochmm nivate carbohy- 
drate oxidase gene. A 6 ug sample of WCfOdochium nival® genomic DNA (Example 3} 
was digested to completion with Sad and then purified using the QIAquick Nucleotide 
Removal Kit (Qsagen, Santa Glarita, CA) according to the manufacturer's instructions. 
A 1 pg sample of the purified digested DMA was self-iigated overnight at 14-16X- with 
10 units of T4 Ligase (Boehringer Mannheim. Indianapolis, IN) and f X ilgase buffer in 
a final volume of 500 pi. The ligase was then heat inactivated by Incubating the reac- 
tion at 8SX for 15 minutes. The reaction was concentrated using a Mlcrooon 30 
(Mllilpore, Bedford, MA), The reaction products were purified using the QIAquick Nu- 
cleotide Removal Kit. The seif-ligated products were then used as a template for in- 
verse PGR;. 

The following primers were created to the 5 1 and 3' ends of the carbohydrate 
oxidase gene, in the opposite direction to those in conventional PGR, to amplify out 
from the known region of the 1335 bp PGR product: 

Upper 1199 bp: TCCAGTTCTACGACCGCTACG (SEG ID NQ:§) 
Lower 158 bp. GAGA C TIG GO A GAGAC DTTGA (BEG ID NQ,8) 
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? n read ' > ) , 1 pg 

of t < S >N v 10 pi of a 10 mM dNTP mix, ix 

Jag polymerase buffer (Parkin Elmer, Foster City, OA), and 5 units of Tag polymerase 

n Eim ster City CA) Stc on top of I e; i 

and placed in a PerMn Elmer Model 480 Thermal Cycler programmed as follows: Cy- 
cle 1 at 94*C for 2.6 minutes and 72*0 for 2 minutes; cycles 2-1 1 each at 94 !> C for 30 
seconds, 55 C for 45 seconds, and 72*C for 2 minutes; cycles 12-28 each at 94*0 for 
30 seconds, 55°C for 45 seconds, and 72*0 for 2 minutes with an extension of 20 
seconds per cycle; and cycle 29 at 72*C for 10 minutes. Cycle 30 was a 4*0 soak cy- 
cle. 

The reaction was electrophoreses} on a 1% agarose gel using T8E buffer re- 
vealing a 3 kb band. The 3 kb band was excised from the gel and purified using a Qi- 
mx II Gel Extraction Kit. The purified 3 kb PCR product was then cloned into pGR2 1- 
TOPO and transformed into Escherichia col/ TOP10 cells to generate Escherichia coil 
p£JG40/TOF10. The transformed £ coti pEJQ40/TOPlO was deposited according to 
the Budapest Treaty on the International Recognition of the Deposits of Microorgan- 
isms for the Purpose of Patent Procedures on June 12, 1998 at the Agricultural Re- 
search Service Collection (NRRL), 1815 North University Street, Peoria, it, and des- 
ignated NRRL 8-30034, 

Plasmid DNA was Isolated from the transformer^ using a Wizard Maxi Prep 
Kit The isolated plasmid DNA was sequenced using an Applied Bbsystems Prism 
377 DNA Sequencer and 377X1 collection and analysis software according to the 
primer walking technique with dye4ermintafor chemistry (Giesecke &t aC 1992, Jour- 
nal of ViroL Methods 38: 47-80). In addition to the Sac-forward and lac-reverse prim- 
ers, the following oligonucleotide sequencing primers were used for sequencing- 
Sequencing Primers for 1338 Op fragment; 

IACRTCRAARTARTARTCIACRAARTT (SEQ ID NO:?} 

RTTIACCCAICCRTC (SEQ ID NO18) 

iGGRTCIGCRTARTTDATRTACAT (SEQ ID NO:9) 

DATRAARTC I ACRTGRTCRAARTT (SEQ ID NQ:10) 

CCAYTGYTCIGGIGTICCRTARTA (SEQ ID NO:11) 

CTCGCCACTTTCCCTGCTCCC (SEQ ID NO; 12) 

CTCGGTCACCAAGGCTCTC'CC (SEQ ID NO: 13) 

GACCGCTACGACAACAACCAG (SEQ ID NO;14) 

Sequencing primers for inverse PGR product; 

TC6GAGAAATGAGAGCAACCA (SEQ ID NO;15) 

AGCCGACGTCCAGCATAGGAG (SEQ ID NO:16) 

ACCCTACCATACGAGTTCACG (SEQ IDNQ:17 
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GGTC6AATCGTCACA SEQ ID NO 18} 

C ACTGG ACTGC C G A C TG G ATG (SEQ 10 NO; 19) 

CAACAACCAGACCTACCe (SEQ ID NO:20) 

CTGAGCAGCACTTCTTTTCAT (SEQ ID NO:21) 
s Sequencing revealed a nucleic add sequence with an open reading frame 

(ORF) of 1448 bp (SEQ ID N0:1) containing one intron of 65 bp. The <3+C content of 
this ORF is 58.33%. The -3 position of the translatlonai start is an adenine agreeing 
with Kozak's rules in which the -3 position is always an adenine. A putative TATA mo- 
tif is also present at -122, TATAAA. 
10 The deduced amino acid sequence (SEQ 10 NO:2) demonstrated a protein of 

495 amino acids with a calculated molecular weight of 54,678 daltons. Based on the 
rules of van Heljne (van Heine, 1984, Journal of Molecular Biology 173: 243-251), the 
first 18 amino acids likely comprise a secretory signal peptide which directs the nas- 
cent polypeptide into the endoplasmic reticulum. A score of 30.385 was obtained us- 
15 log the van Heijne program to predict signal peptides. The amino add sequences of 
the partial peptides derived from the purified Mierodochium nivale carbohydrate oxi- 
dase fragments (Example 2} were consistent with those found in the deduced amino 
add sequence except there may be a four amino add propeptide in that the' H- 
terminal amino acid sequence does not follow immediately after the signal peptide. 

Two synthetic oligonucleotide primers shown below were synthesized to PGR 
arbohydrate oxidase gene to - tor 

subctonlng and expression in Fusauum and Aspergillus host cells. In order to facilitate 
25 the subctoning of the gene fragment into the expression vectors pDM181 and 
pBAME15, Swai and Pad restriction enzyme sites were introduced at the 5' and 3 s 
end ot the carboxypephdase gene, respectively. 

Forward primer: 5 ! -GATTTAAATATGCGTTCTOGATTTATOTTG-3 : (SEQ ID 

NO:22) 

30 Reverse primer: 5 ! -GTTAATTAATTATTTGACAGGGCGGACAGC-3- (SEQ ID 

NO:23) 

Bold tetters (at positions 10-30 of each) represent coding sequence. 

The FOR, purification, and subctoning were performed as described in Exam- 
ple 4 except the cycling parameters varied as follows; Cycle 1 at 94X for 2 minutes, 
35 60X for 4 seconds, and 72*C for 45 seconds: cycles 2-37 each at 94°C for 45 sec- 
onds, BOX for 45 seconds, and 72°C for 2 minutes; and cycle 38 at 94°C for 45 sec- 
onds, SOX for 45 seconds, and 72 a C for 8 minutes, Cycle 39 was a 4°C soak cycle. 
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The vectp pDM181 contains the Fusarfu oxyaporum trypsi like pre 

promoter and terminator as regulatory sequences and the Streptomyces hygro- 

scopicus bar gene as a selectable marker tor fungal transformations (WO 98/20136; 

rite Block ef a/., 1987, £MBO Journal 8: 2513-2618). The vector pBANEIS (Figure 1) 
5 )ntsi s the AKA promoter and AM 5 a s amdS 

gene a b stable marker fo ! > 3 

the amp gene for selection in £ cos. 

The carbohydrate oxidase clone obtained above was digested wrth §wal and 

Pad and purified by 0.8% agarose gel electrophoresis using TBE buffer and a Qiaex 
10 II Gel Extraction Kit. The digested fragment was cloned into pDM161 and pBANEIS 

previously digested with Swa\ and Pad resulting in the expression piasmlds pEJG'35 

and p£JG33. respectively (figures 2 mi 3). 

The expression piasmlds were transformed into £ eo/i XL10 Gold cells 

(Stratagene, La Jolla, CA), ITansformants containing the correct piasmlds were iso- 
18 iated and piasmid DNA was prepared using the Wizard Maui Prep Kit, 

Example 8: Expression of the Micmdochmm mvah carbohydrate oxidase gene 
In Aspwgttlu9 oryzm 

pEJ633 was transformed into pretease-defioient Aspergillus oryiae host 
strains JaLI 42 (Christensen et aL 1988, Bio/Technology 8; 1419-1422) and dal22S 

2& (WO 98/12300} using protoplast transformation (Yeiton et aL 1984, Proceedings of 
the Matkmat Academy of Sciences USA 81; 1470-1474). One hundred pi of proto- 
plasts (2x10 s ) were placed into a 14 mi Falcon tube with ca. 5 pg of pEJG33 and gen- 
tly mixed. A 250 p! volume of 80% PEG 4000 in 10 mU Tris-HCi pH 7.5-10 mM CaCL, 
was added and mixed by gentle rolling. The tube was then incubated at 37°C for 30 

25 minutes. Three ml of STC (1.2 U sorbitol, 10 mM Tris pH 7.5, 10 mM CaCi 2 } was 
added and mixed by inversion. The solution was then plated directly onto Cove plates 
composed per liter of 342.3 g of sucrose, 10 mi of 1.8 M CsCI, 10 ml of 1 M 
see ••■ Ide 20 ml of IX Cove salt solution, and 1% agar. SOX Cox I was 

composed per lifer of 26 g of KC1, 28 g of MgSO«'7H 2 0. 76 g of KH 2 P0 4< and 50 ml of 

30 Cove trace metals. The Cove trace metals solution was composed per liter of 0.04 g 
of N8B 4 Qy10HA 0.4 g of CuSQvSHA 1.2 g of FeS0*7HA 0.7 g of MnSCVHA 
0.8 g of Ha 2 fV!oOj-2H 2 0 s and 10 g of ZnSO,/7H 2 0. Plates were incubated 5 days at 
3?*C. Transformanfs were transferred to plates of the same medium and incubated 5 
days at $7*0. The transformants were punfied by streaking spores and picking i$o- 

35 lated m ies tin- same conditions. Totally, 12 Aspergil- 

lus oryzm si 142 i ansfo maots and 22 Aapeftj/ffes txyzm M I r 

were recovered, 
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The transformants were grown on Individual COVE plates as above, and then 
tested tor carbohydrate oxidase activity using an indicator piate described by WHev- 
een ef a/. (1990 4pp//ed Microbial 1 t c 383 fh« itran 
were used as controls. A total of 11 positive transformanis were identified. Spore 

§ stocks of each positive iransformam were made with sterile deionlzed water. A 600 ui 
volume of each spore stock including the untransformed host was Inoculated into 125 
ml shake flasks containing 25 mi of MY 50 medium. The shake flasks were incubated 
at 37*C, 200 rpm for 7 days. Since the Microdochium mvaie carbohydrate oxidase 
contains FAD as a cefaclor, one set of flasks also contained 52 ubf riboflavin 5'- 

10 phosphate (Sigma Chemical Co., St. Louis. MO). 

Samples of 500 pi were removed at days 3, 5. and ? from each flask and as- 
sayed for carbohydrate oxidase activity, Carbohydrate oxidase activity was measured 
m a 30 well plate containing 10 at of supernatant followed by the addition of 1 pi of ©- 
* s pi of Brlftoi i i I pH 5.0, 10 j. M seose, and 

i§ pi of Coprimis cinemas peroxidase $.76 PQDU/mi), obtained as described In WO 
02/16034. The activity was measured at 405 rtm for 10 minutes in mOD/mln. The 
transformaftfs all produced detectable carbohydrate oxidase activity. The addition of 

i ' i phosphate to the shake fiasks bad a minor eft* ion \ 
Samples of 20 pi from the highest carbohydrate oxidase producers were run on an S- 

20 18% Tris-Giyclne gel (Novex, San Diego, OA) which confirmed the production of car- 
bohydrate oxidase. 

The transformants with the highest activities were spore purified by patching 
soiated colonies onto new COVE plates twice in succession end men regrown in 
shake flasks and retested for carbohydrate oxidase activity as above to confirm pro- 

25 duction of the carbohydrate oxidase. 

Fermentations of Aspergillus oryzm JaL223 containing pEJG33 were run at 
MX, pH 7, 1000-1200 rpm for 8 days in 2 liter lab tormentors containing medium 
composed of Nutriose, yeast extract, (NH 4 ) 2 HPQ<, MgS0 4 -7H 2 0, citric acid, K 3 SO„ 
CaCI 2 -H,0, and trace metals solution. The trace metals solution (1000X) was com- 

30 posed per liter of 22 g of ZnSO//HA 11 9 oi H,BO s , 5 g of MnCI : -4H,0 ; 5 g of 
FaSO,-7HA 1.8 g of CoC! 2 -5H 2 0, 1.8 g of (NH^MoA*, and 50 g of Na.EDTA. One 
fermentation was supplemented with 2 x 10* M FMN per liter CGOXQ03.8) while the 
other one was not (GOX002.8). 

ig i day samples we i as des bed t >v« the res its showed the 

35 presence of carbohydrate oxidase activity in both fermentations, but no difference in 
m h ) st ivty was detectr < at on broths 
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Example S: Expression of the MicwdaeMum nlvale carbohydrate oxidase gene 
so Fmarmm vemftatum 

pEJGSS was introduced into Fasamm venemtum strain CC1-3 (WO 
97/26330) ussng the method of Rover el al (1985= Bh/Technohgy 13: 1478-1483) 

5 with SASTA™ (phosphsnothncin resistance detection). The active ingredient in the 
herbicide HAS (A is phosphlnofhricin. BA5TA™ was obtained from AgrEvo (Hoechst 
Sobering, Rodovre. Denmark) and was extracted twice with phe- 
noi:chloroforrn:i$oamyi alcohol (25:24:1), and once with chioroforrrr.isoamyi alcohol 
(24:1) before use. Based on growth in the presence of BASTA™, 1.4 transformants 

io were recovered and then grown at room temperature on individual agar plates com- 
posed of 20 mi of 50X Vogeis medium (Rover ef a/., 1995, supra), 25 g of sucrose, 26 
g of noble agar, and 25 rnM NaNO, supplemented with 5 mg of BASTA™ per ml The 
transformants were then tested for carbohydrate oxidase production using an indica- 
tor plate described by VViHeveen etaL 1990, supra Five transformants tested posh 

16 five. A plug from each positive tranaformant including untransfomied Fmarium 
ymanatum CC1-3 as a control were inoculated into individual 125 ml shake flasks 
containing 30 * of fdAQODn medsum supplemented w-ih 0.5 p. of CaCi per liter and 
incubated at 30°C, for 7 days under 150 rpm agitation, The M400Da medium was 
composed per liter of SO g of maltodextrln. 2 g of MgSO«, 2 g of KH a PO<, 4 g o! citric 

20 acid, 2 g of urea, 0.5 g of CaO! 2 , and 1 mi of Cove trace metals. One set of flasks also 
contained 52 uM riboflavin S'-phosphate. 

At days 3, 5, and 7, 500 pi of culture broth was removed from each flask and 
centnfuged. The supernatanfs were assayed for carbohydrate oxidase activity as de- 
scribed in Example 8. The transformants ail produced detectable carbohydrate ox!- 

25 dase activity. The addition of riboflavin S'-phosphate to the shake flasks had essen- 
tially no effect on increasing activity. Samples of 20 ni from the highest carbohydrate 
oxidase producers were run on an 8-16% Tris-Glycine gel (Novex, San Diego, OA), 
which confirmed the production of carbohydrate oxidase. The highest producers were 
spore purified on Vogels/BASTA' is « plates, 

30 A fermentation of Fusanum venenatum strain CC1-3 containing pEJG35 was 

run at 30*0 for 8 days in a 2 liter fermentor containing medium composed per lifer of 
20 g of sucrose, 2.0 g of Mg8CV7H,0, 2,0 of KH a PG 4 . 2.0 of citric aeid-HA 2.0 g of 
CaCU-2H ? Q, 0.5 ml of AMG trace metals (pH adjusted to 4,5 prior to sterilization), and 
a filter h >i 2 5 g of urea and 30 mi of a soy vltam n 

3S mixture, which was added after sterilization and cooling of the medium. Feed streams 
were batched autoeiaved mixtures eoniposed of sucrose and urea. 

Eight day samples wore assayed as described in Example 8. The results 
snowed t - i 
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Example 10: Purification of recombinant Mlcmdochlum nival® carbohydrate 
oxidase 

The two Aspergillus oryzae JAL228 fermentation JaL22S broths, GOX002.8 
(1,2 I) and GOX003.8 (1.4 I), prepared as described in Example 8 were combined. 
5 The combined broths were filtered using Whatman #2 filter paper and then washed 
and concentrated by ultrafiltration to 612 mi using an Amicon Spiral-Concentrator 
equipped with a S1Y10 membrane. Measurement of carbohydrate oxidase activity as 
described in Example 8 indicated essentially 100% recover/ of the enzyme. 

The concentrate was then loaded onto a Q-Sepharose column (189 ml; 
io Pharmacia Biotech, Inc., Plscataway, NJ) pre~epuilihrated with 10 mM Tris-HCI pH 8. 
The carbohydrate oxidase was eluted with 2 M NaCI in 10 mM Tris-HC! pH 8, Meas- 
urement of carbohydrate oxidase activity as described above indicated most of the 
enzyme did not bind to the column. 

The flow-through fraction (780 ml) from the Q-Sepharosa column was ad- 
is justed to pH 5.5 and loaded onto a SP-Sepharose column (176 mi; Pharmacia Bio- 
tech, inc., Piscataway, NJ) pre-squib rated with 10 mM MES pH 5,5. The carbohy- 
drate oxidase was eluted with 1 M NaCi in 10 mM MES pH 5.5, which yielded a car- 
bohydrate oxidase preparation with apparent electrophoretie purity by SOS-PAGE, 
The table below summarizes the purification of the recombinant carbohydrate oxi- 
20 dase. Overall a 14-fold purification with a 31% recovery was achieved based on the 
following oxygen electrode assay. Carbohydrate oxidase was measured using a 
Hansatech Co electrode with an assay solution composed of 0.28 ml of 10 mM MES 
pH 5.5, 30 pi of 1 .0 M D-glucose, and 3 pi of carbohydrate oxidase. 

25 • •••• oxidase 

Vol A m A 2Se xV A*so Awfit Ajbo/^m Activity Recovery 



Bmth 


2580 


51.3 


100 


18 


100 


27 


8.2 


100 


Oltrafsltratlon 


512 


44.2 


17 


2.35 


25 


19 


45 


107 


Q- 

Sepharose 


768 


20.7 


12 


1 


15; 


21 


24 


87 


SP- 


144 


52.8 


5.7 


3,7 


11 


19 


45 


31 



Units: Vol, mi; A x V and Recovery (Activity x Vol). %: Activity (Peroxidase*;-- 
anisldine assay), iU/ml. 

Example 11: Molecular properties of recombinant carbohydrate oxidase 

SOS-PAGE using a Movex 8-16% Tris-giycine SDS-PAGE gel indicated that 
30 the recon: r ! es obtained as descri >&d ! - ~:xan r. es 8 and 8 
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have a molecular weight of approximately 55 KDa, similar to the wild-type carbohy- 
drate oxidase, 

N-termioal sequencing of the recombinant carbohydrate oxidases was per- 
formed on an Applied Biosystems 478A Protein Sequencer (Perkio Ein 

5 Biosystems Drvislon, Foster City, CA) with on-line HPLC and liquid phase tnhuoroace- 
tic acid (TFA) delivery. The recombinant carbohydrate oxidases preparations were 
submitted to SOS-PAGE using Novex 10% Bis-Tris- SDS-PAGE gel using Novex Hu- 
page MOPS buffer under reducing conditions. The gels were trsnsbiotted to PVDF 
membranes (Novex, San Diego, GA) for 2 hours at 25 volts in 10 rnM CAPS pH 11.0 

io buffer. The PVDF membranes were stained in 0.1% Commassie Blue R250 in 40% 
methanol/1% acetic acid and the observed bands excised, The excised bands were 
sequenced from a blot cartridge using sequencing reagents (Parkin Elmer/Applied 
Biosystems Division, Foster City, CA), Detection of pheoylthiohydantoin-armno acids 
was accomplished by on-line HPLC using Suffer A containing 3.5% fetrahydrofuran in 

16 water with 18 ml of the Premix concentrate (Parkin Elmer/Applied Biosystems Divi- 
sion, Foster City,. CA) containing acetic acid, sodium acetate, and sodium bexanesui- 
tenate and Buffer B containing acetonitrile. Data was collected and analyzed on a 
Macintosh llsi using Applied Biosystems 810 Data Analysis software. 

N-ierminaS sequencing of the both excised hands produced the sequence 

20 shown at positions 1-21 of SEQ ID NO: 2 where position 8 was not determinable but 
based on the deduced amino acid sequence is a cysteine. The N-terminus results 
agreed with the deduced amino acid sequence, and indicated a correct processing by 
both the Aspergillus otyzae and Fusarium v&mnaium hosts. 

In 10 mfVi MES-NaCI pH 5.5, the recombinant carbohydrate oxidase had a 

25 UV~visibfe spectrum typical for fiavoproteins as recorded on a Shimadzu UV180U 
spectrophotometer with l~cm quartz cuvette. The relative ahsorbance at 280 and 450 
nm was 19, slightly larger than the 12 value obtained for the wild-type enzyme. The 
extinction coefficient at 280 nm was measured by amino acid analysis to he 1 .9 gt(\ x 
cm;, whereas the predicted value was 2.1 (Including the contribution from a FAD 

so molecule). Thus, it appeared that each recombinant carbohydrate oxidase contained 
one flavin mx 1 , FAD) 

Assuming that the o> sac) j x>se K)iect - \o coupled to the 

reduction of m Q s to 1 ) ? > ? I 

using a Hansatech O s electrode as described in Example 10, The recombinant carbo- 
35 hydrate oxidase oxidized D-glucose (0.1 U) at a specific activity of 4.0 IU/A ?SS or 118 
turnover/minute at pH 5,5 and 2Q°C. As assayed by the Coprinus cinermm peroxl- 
sscribed in Example 8, the recombinant carbohydrate oxi- 
dase had the same specific activity as wild-type enzyme. 
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Example 12: Substrate specificity 

S b.sti,it< nx-Vv-o nMsubs \ [ iiisn 

The substrate specificity for the i i ' oxidase from M. nivaie was de- 
termined m a mscropsate at am&;ent temperature by mixing in the toiiowtng order: 
50 pi 0.4/0.4 M phosphate/citrate buffer ipH 6) 
50 pi substrate (360 mM) 

SO Ml 21,8 mM 3-Dimethyiaminobenzoic add (DMAS) 
50 pi 1 mM Z4fomfr2~b&nzo\UazQ\mom hydrazone (MBTH) 
60 pi 75 pg/mi, rec. Ccprinus cinereus peroxidase (fCiP) 
50 pi carbohydrate oxidase 
The absorbance at 595 nm was followed for at least 3 minutes. The increase 
in absorbance per minute was calculated and used as a measure for relative activity. 

The results of the oxidizing activity of the carbohydrate oxidase of the present 
invention on various mono- and disacehande substrates are summarized in the table 
below end show that the carbohydrate oxidase can oxidize most reducing sugars and 
shows higher activity on maltose and cellohiose than the corresponding monosaccha- 
ride glucose, The enzyme had no activity on non-reducing sugars, such as fructose, 
sucrose, irenaiose, and metnyl-b-D-giucopyranoside. The results are shown so sub- 
strate specificity of M, rwaie oxidase,, relative to the optimum activity on D-ceiioblose, 



Substrate 


% Activity 


D-Glucose 


89 


2-Deoxy-O-Glucose 


4.2 


□-Galactose 


31.3 


O-Mannose 


3.2 


D-Xylose 


5&M 


D-Maitose 


83.5 


D-Cellobiose 


: w 




525 



Substrate sg.esis.tol.MM 

rurther analyses ot substrate specificity revealed that the carbohydrate oxi- 
dase from U mvaie is capable of oxidizing oligosaccharides of all degrees of polym- 
erization (DP) which were tested, DPI -DPS, using the assay conditions described 
above, except to change the substrate concentration to 0.83 mM. Furthermore, the 
enzyme can hydroiyze both maitodextrins ami oeUodextrins wherein the monosaecha- 



WO 3 



40 



ride units are jinked by alpha-1,4 or bcT 1 - &-:zo$rtr. bcr^x ! , » sU <r , The car- 
bohydrate oxidase hydrolyzed at! celiodextrins tested equally well and at a ievei 
around 10-fold higher than the monosaccharide With roaltodextrins as the substrate, 
the activity of the carbohydrate oxidase ranged from 1.%-foJd higher for maitohexaose 
5 to almost 5-fojd higher for malfotetrsose than for the monosaccharide. The results are 
summarized In the labia below, showing the influence of the degree of polymerization 
and type of 1,4 linkage on carbohydrate oxidase activity relative to OP 1 (O-giucose). 



% Activity 



OP 




beta~1.4 


1 


"100" 




2 


211 


949 


3 


348 


1147 


4 


477 


1111 


5 


161 


1014 



Analyses of the oxidizing activity of the carbohydrate oxidase from M wvale 
on polysaccharides revealed that the enzyme is capable of significant activity on car- 
boxymethyicellulose (CMC), even after removal of smaller oligosaccharides- and 
monosaccharides by dialysis when tested under the assay conditions described 
15 above using a substrate concentration of 1%, The results are summarized in the table 
below which shows the carbohydrate oxidase activity on carboxymethyiceiluiose rela- 
tive to D-celiebiose. 

Substrate % Activity 

D~cei!obiose "100" 

CMC 17.7 

CMC, diaiyzed 8.8 



The oxidising activity of the carbohydrate oxidase from M. rwale on various 
I at pH 7.8 |50 mM Tris-HCI buffer), 10 mU of substrate 
i from Acr&tYiQt'ikim are included for comparison 
Jin 8BA {199111118, 41-47). 
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Aemmonmm 


Maltose 


76.1 


100 


Maitotrioss 


84.9 


94 




100.0 


74 


Makopenfaose 


58.6 


46 


Maitohexaose 


41.2 


66 




32.5 


56 


Lactose 


67.0 


50 


Glucose 


39.8 


64 




65.7 


47 



Example 13; Oxidation of maltose 

To do >1 by the 

carbohydrate oxidase from M. nivate, the oxidation of maltose was followed chroma- 
tographicafly under the following conditions: 125 yl of 0.2 M citrate-phosphate buffer. 

5 pH 6 was added to 250 pi 1 0 mM maltose and 75 pi water before adding 50 pi purified 
M> rt/va/e carbohydrate oxidase, The sample was incubated up to 30 minutes at 4QX 
with constant shaking. The reaction was stopped by adding 100 pi of the sample to 
900 Ml water at 0SX. 50 pi of the reaction mix was then analyzed by anion -exchange 
chromatography (CarboPac PA1 column : Dionex) followed by pulsed amperometrio 

10 detection (Dionex) on the Qfonex OX-S00 system using the following conditions: 



Flow rate: 1 ? 

A-buffer: 0.1 M NaOH (degassed in He) 

0.1 M NaOH, 0.6 mU sodium acetate (degassed in He) 
0-3 min, 5 % 8~h«ffar 
3-19 mm, 5-30 % B-bpffer 
19-21 m»n, 30-100 % 8-buffer 
21-23 min, 100% Bluffer 
23-24 min 100-5 % B-buffer 

20 

1 ' < 1 > 1 re purcnased >ig » Co 

Maltobionic acid was prepared according to Fitting & Putman (1952) J. Biol. Chem, 
199:573. 

Using the above method, maltose is detected as a peak with a retention time 
25 around 3,0 n th a retention time 

around 13.3 minutes. At the above conditions, maltobionic acid is generated from 
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all se in the presence of the M m 5 - s m lyc 5te Kid a; « * p* develops 
around 13.3 minutes, Thus, the carbohydrate oxidase oxidizes the free reducing end 
group in maltose. The amount of maitobkmic acid produced is presented below as pM 
maltobionlc acid m reaction mixture: 

§ 

Incubation time {minutes} Maltobionic acid CuM) 
0 0 
5 150 
10 3?0 
30 380 

Example 14: Bmdirsg constant K,„ 

Steady state kinetics was conducted by varying the concentration of the car- 
bohydrate substrates and determining the carbohydrate oxidase activity by the 4AA- 
T0PS assay. Simple Miehaeiis-Menten kinetics was assumed although the reaction is 
10 not a simple one substrate-one product mechanism (E*S*->ES~*E*P>, 

The steady slate kinetics for the carbohydrate oxidase from M, n/va/e were in- 
vestigated using some of the preferred substrates. Kinetic constants were obtained 
from a tineweaver-Burke plot, assuming simple Miohaeiis-Menten kinetics {although 
this Is a rather poor assumption) to obtain apparent values "K m K and for various 
15 substrates. The results for "K m " were: 

Glucose: 42 mM 

Maltose: 11 mM 

Ceilobsose 59 mM 

The carbohydrate oxidase shows tt ivity < cell bio? \ m v< r 

20 "K/ for cellobiose is almost 8 fold higher than for maltose. Likewise the %* for glu- 
cose is significantly higher than for maltose, while the "V ms> ; is more or less the same 
for the two substrates. Thus, the previously shown preference for maltose at the low 
concentrations of substrate is explained by the lower value of %* for maltose. 

Example 15; pH anci temperature activity profiles 

25 The activity of the carbohydrate oxidase from M. nivale over a pH range was 

determined in mferoplates at ambient temperature t sing the rn- i d« bed above 
In Example 12, but with buffers adjusted to the pH being tested: the actual pH was 
measured in the reaction mixture. The results below (activity relative to the optimum at 
pH 8 5, < - at the carbohydrate oxidase has optimum activity at pH 5-7, and it 

30 has a reasonably broad pH activity profited 
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pH 


% activsiy 


3,38 


5.58 


4.28 


27. 68 


5,31 


88.0? 


6,32 


100,00 


?M 


96.20 


8.05 


57.25 



The temperature activity nrofiie for the carbohydrate oxidase was determined 
by mixing buffer and substrate in a glass tube and prsincubating at various tempera- 
tures (30-80*0) tor at least 5 minutes: 
s 1 50 mi 0.4/0.4 U phosphate/citrate pH 6 

150 mi 180 mM maltose 
150 ml oxidase dilution 
Reactions were started by addition of oxidase and samples were incubated at 
the appropriate temperature in a thermostatic bath, set at . After 5 minutes the gam* 
10 pies were placed on Ice, and formation of H202 was determined by additions of 450 pi 
of DMA8;MBTH:rCiP (1:1:1) at the respective concentrations as in Example 12 and 
the increase in absorfoance at 590 nm was measured after 10 seconds on a HP 



8452A diode array spectrophotometer {Hewlett-Packard). A blind without incubation 
was included. The results shown below (relative to the optimum at SQ»C) indicate that 
1 5 the enzyme is active up to at least 80 C C with an optimum activity at SOX. 

30 80,28 

40 90.98 

50 100.00 

60 79.95 

70 2.27 



A sample of carbohydrate from M, nivate was desalted into 0,1 M MES. pH 8 
using the NAP-5 columns from Pharmacia. The sample (contianing 8.5 mg/mi of the 
20 oxidase) was loaded onto the YP-DSC apparatus (MscroOaf) and a linear scan from 
20 to 90 X was conducted at e scan rate of 00 7h. 

The denaturation temperature was found to be 73°€. 
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iandpH 



; "r c arbo - tasc from 

b a ? va * i t I - 1 



10 minutes at pH 
activity by the 4AA-TOPS 



Temp X: 
40 
50 
80 
70 
80 



Residual Activity %• 
81 
78 
100 
10 
2 



The results shows that the enzyme is stable up to 60*C but unstable at 70*C 
and above. This is in accordance with res 



The carbohydrate oxidase from M mVafe was incubated for % hours at 40°C at 
pH before measuring the residua! activity by the 4AA-TOPS assay: 



pH: 



Res. Act %: 
2 

100 

m 

09 
97 
93 



The results 
at pH 3. 



* enzyme is § 



a m the range from pH 4-9 but un~ 



Wheat Flour 100% {* 10 g) 

Water 58% (including enzyme soiufenl 
Salt 1.5% 
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Sugar 1.5% 

The wheat flour was of the type Meneba. The flour was free of ascorbic acid. 
The dough was mixed in a; 10 g- Micro Mixer (type NSI-33R, from National 
i ; 30 m sutes Ca ^ohydrate oxidase from M, n/Va/e was added 
5 before mixing. After mixing, the dough was alioweo to rest for 90 minutes at 32 : C and 
85% relative humidity. Gluten was washed out of the dough with a solution of 2% 
NaCi (7 minutes in a Giutomatic 2200. Perten instruments), and then centhfuged in a 
Gluten Index Centrifuge 2015 (Perten instruments) for 1 minute. 

Gluten rheology was analyzed, in a Bohiin VOR rheometer system (Bohiin in- 
to strumenis), performing a strain sweep at constant frequency (1 Hz), In order to evalu- 
ate tfn i i filiation, in tnis met ~ 

erties of tne dongo are divided s-'-to two components, the dynamic snear storage 
modulus G' and the dynamic shear loss modulus G". The ratio of the loss and the 
storage moduli is numerically equal to the tangent of the viseoetastic phase angle d, 
is An increase in the storage modulus G' and a decrease in the phase angle d Indicate a 
stronger ano more elastic dough. 



Carbohydrate Oxidase 


& 


or 


d 


None {Reference} 


MM 


166.4 


25.48 


50 U/kg flour 


397.9 


176.3 


23.89* 


100 U/kg flour 


450,3* 


193.7* 


23.02* 


200 U/kg flour 


523,0* 


207.4* 


21.77* 


600 U/kg flour 


554.7* 


207.3* 


20.49* 


1000 U/kg flour 


708.5* 


249.4* 


19,40* 


The results show that 


the G- storage mp< 


iuius rises in proper! 


don to the dose 


us C<3:s..-Onyu>at« OX)Oas?e «OQc 


xl to the dough. W) 


th respect to the d f 


jbase angle, all 


the carbohydrate oxsdase-fres 


•rted doughs are ds 


herent from the refe 


srenee, and the 


phase angle decreases propc 


rrfionateiy with the i 


amount of enzyme a? 


dded. Thus, the 


carbohydrate oxidase increase 


ss tne e a st s \ <. a; 


ses dough elas- 


tielty, in a dose-dependent m 


inner. The figures are the average of thr 


•ee independent 


measurements, mgures deno 


ted with an asterisk 


; are statistically sigr 


litlcant from the 


reference by ANOVA analysis 


ata5%levelofsig 


nsficanee. 





Example 19; Effect of Carbohydrate Oxidase on Dough Consistency 



Flour (Meneba) 12 gf 100 %) 

Water -60 % (including enzyme solution) 
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Yeast 4 % 

Sugar 15% 

ma i.5% 

s The flour was free of ascorbic acid . 

Procedure: The dough was mixed in a 10 g Micro Mixer /type NSI-33R, from 
National Manufacturing Co,) for 2% minutes. Carbohydrate oxidase from M. rwafe 
was added before mixing. The final dough temperature after mixing was approx. 
2?*C. The dough was evaluated immediately after mixing. 

io Eya1uMion,M.D&y&h 

Dough stickiness and firmness were measured empirically according to the 
following scale; 

Scoring 1 2 3 4 5 6 

Firmness: very soft too soft soft/good normal firm too firm 
Stickiness almost too sticky sticky good dry too dry 



is The evaluation was conducted over two days,, using three replicates for each 

dose per day. The data, summarized in the table below, represent the mean value of 
Six evaluations. The results indicate that both dough firmness and stickiness show toe 
same tendency of a dose-dependent increase in the ability of the carbohydrate oxi- 
dase to yield a dough with excellent dough consistency. At 200 and 300 Units/kg, a 

20 skilled baker evaluated the dough as having an excellent firmness and softness, and 
a very airy consistency. 



Carbohydrate Oxidase Firmness Stickiness 



None (Reference) 


3.0 


2,3 


10 U/kg flour 


3,0 


3.0 


50 U/kg flour 


3,5 


3.4 


100 U/kg flour 


4.0 


4.0 


200 U/kg flour 


4.0 


3.8 


300 U/kg flour 


4.1 


4.1 


500 U/kg flour 


4.8 


m 




4,0 


35 
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Example 20 

In order :o m^t the tolerance of M/ ?' ? 

aliens n different 3 * ested in 

a "European straight dough", standard scale baking test (2 kg flour) . Compared to 
the standard baking procedure (A8F-SP. 1217.01/01), the dough was strained by in- 
creasing the water content, by increasing the mixing time, and/or by increasing the 
fermentation time. The thai aimed to clarify if MCO can make the dough more resis- 
tant to these changes. To simulate a realistic baking procedure MCO was tested in 
combination with Fungarnyl Super MA.{xylanase and amylase). The set-up was based 
on a non-complete statistical design. Compared to a control, not containing MCO f the 
addition of MCO resulted in better dough/bread robustness. E.g. when evaluating the 
standing («area of "foot") It can e.g. be concluded that no significant interactions were 
observed between MCO dosage (0-200 U) and an increase of the water addition by 
1.5 % and increase of the mixing time by f 2 min. 
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CLAIMS 

1. A process for preparing a dough and/or a baked product made from a dough 
comprising adding to the dough a carbohydrate oxidase which has a higher activity on 
an oligosaccharide having a degree of polymerization of 2 or higher as a substrate 

& than on the c \ resp i\- g r k ncsac c haride. 

2. The process of claim 1 wherein the carbohydrate oxidase has a higher activity 
on a maftoofigosaccharide having a degree of polymerization of 2-6 (particularly mal- 
tose* niaitotriose or maitotstraose) than on glucose at a substrate concentration of 10 
mM or leas. 

10 3, The process of claim 1 or 2, wherein the carbohydrate oxidase is derivable 
from a strain of Microdochium or Acmmonium, preferably a strain of M mVa/e, more 
preferably CBS 100236. 

4. A flour, dough or baked product comprising a carbohydrate oxidase which has 
a higher activity on an oligosaccharide having a degree of polymerization of 2 or 
is higher as a substrate than on the corresponding monosaccharide, 

o ug - ising 

a) a carbohydrate oxidase which has has a higher activity on an oligosac- 
charide having a degree of polymerization of 2 or higher as a substrate than on 
the corresponding monosaccharide; and 
20 b) a second enzyme selected from the group consisting of amylase, eesly- 

iase, hemiceiluiass, lipase and phosphatase. 

6. The composition of claim 5 wherein the second enzyme Is an amylase which 
hydroiyzes starch to rorro oligosaccharides as a main product. 
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7 The composition of claim 6 wherein the amylase is a Bmiiius stoat. rffte/ - oph - 
ius maltogenic sipha-amyiase, an Aspergillus oryzae aipha-anrryiase or a beta- 

8. A dough and/or bread improving additive In the form of a granulate or aggiom- 
5 erated powder, which comprises a carhonyarate oxidase activity which has a higher 

saccharide having a degree of polymerization of 2 or higher as a 
S 11 > H' i !9 1 * T C ? i scch Jt 

9. The additive of claim 8 wherein more than 95% (by weight) has a particle size 
between 25 and 500 ^m. 

10 10. A carbohydrate oxidase which fS: : 

a) a polypeptide produced by Micwdochium nivaie CBS 1 00238, or 

b) a polypeptide encoded by the carbohydrate oxidase encoding part of 
the DMA sequence cloned into a plasmid present in Escherichia cols NRRL B- 
30034, or 

16 c) a polypeptide haying an amino acid sequence as shown in SEQ ID NO: 

2, or 

d) an analogue of the polypeptide defined in (a), (b) or (c) which s 

i) has at least 50% Identity with said polypeptide. 

ii) is immunologically reactive with an antibody raised against said 
20 polypeptide in purified form, 

ili) is an allelic variant of said polypeptide., or 

iv) is a fragment of said polypeptide having carbohydrate oxidase activ- 
ity, or 

e) a polypeptide which Is encoded by a nucleic acid sequence which by- 
25 bridizes under low stringency conditions with 

i) the nucleic acid sequence shown in positions 67-1550 of SEQ ID 
NO: 1 or 

Is) its complementary strand; or a subsequence thereof of at least 
30 11. The carbohydrate oxidase of claim 10 which is obtainable from a strain of Mi~ 
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12. A carbohydrate oxidase which Is derivable from a strain of Wcfodochium and 
has an oxidizing activity on maitoteiraose which is at least twice as much as the oxi- 
dizing activity on glucose at a substrate concentration of 0.83 wM, 

13. The carbohydrate oxidase of claim 12 which is obtainable from a strain of M. 
rivals, preferably the strain M nfvate, CBS 100236, 

14. A method for producing a carbohydrate oxidase, comprising cultivating a car- 
bohydrate oxidase producing strain of Mlcmdochium in a suitable nutrient medium, 
toliowe i hy r - id I ste oxidase. 

15. The method claim 14, wherein said strain is a strain of hi mvate, preferably 
CSS 100236, 

18. A nucleic acid sequence comprising a nucleic acid sequence which encodes 
the carbohydrate oxidase of any of claims 10-13. 

17. A carbohydrate oxldase-encoding nucleic acid sequence which comprises- 

a) the carbohydrate oxidase encoding part of the DMA sequence cloned 
into a plasmtd present in Escherichia colt NRRL B-30034, or 

b) the DNA sequence shown in positions 87-1 550 of SEQ ID NO; 1 . or 

c) an analogue of the DHA sequence defined in a) or b) which 
I) has at least 50% identity with said DNA sequence, or 

8) hybridizes at low stringency with said DNA sequence, its comple- 
mentary strand or a subsequence thereof. 

IB. A nucleic acid construct comprising the nucleic acid sequence of claim 16 or 17 
operahiy linked to one or more control sequences capable of directing the expression 
of the carbohydrate oxidase in a suitable expression host. 

19. A recombinant expression vector comprising the nucleic acid construct of claim 
IS, a promoter, and transcriptional and trenslational stop signals. 

20. A recombinant host cell comprising the nucleic acid construct of claim 1 8. 
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21 A method fo produc g a carbohydrate oxidase con 

cell of ciaim 20 under conditions conducive io expression of the carbohydrate oxidase 
and recovering the carbohydrate oxidase. 

22. A method for producing a ceroohycralo oxidase, cornpnssng. 

§ a) isolating a DNA sequence e;. coding the carbohydrate oxidase from a 

carbohydrate oxidase-produdng strain of Microdochmm, 
fo} combining the DNA fragment with appropriate expression signals) in 
an appropriate vector, 

c) transforming a suitable heterologous host organism with the vector, 
10 d) cultivating the transformed host organism under conditions leading to 

expression of the lipolytic enzyme, and 

e) recovering the carbohydrate oxidase from the culture medium, 

23. A strain of genus Microdochlum which Is capable of expressing the carbohy- 
drate oxidase of any of claims 10-13. 

is 24.. The strain of the preceding ciaim which h M nmk t preferably the strain CBS 
100238, 

25, Use of the carbohydrate oxidase of any of claims 10-13 for a personal care 
product; 

28. Use of the carbohydrate oxidase of any of claims 10-13 as an analytical rea- 
20 gent to determine the amount of reducing sugars. 

27. Use of an immobilized carbohydrate oxidase according to any of claims 1 0-1 3 
as an a? s <= i t - v \ seen th <ous measurement % ~ ^ - 

or ceiluiose nydroiysis. 

28, Use of a carbohydrate oxidase according to any of claims 10-13 to produce 
2§ lactobionic acid from lactose. 
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